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P t_A_V_t2o s e

To evaluate the longitudinal stabili_ty of a large

launch vehicle modeled as a coupled system comprised of a

mass-spring structure, a distributed propellant feed system,

and engines. Longitudinal stability or instability is a

consequence of tl_e interaction between the launch vehicle

structure and the propulsion system. Ynstab_l.ity (POGO)

is most likely to occur when there is a coincidence of the

resonant frequencies of the structure and of the propuls'Lon

system.

Method

The interaction between the propulsion system and
the vehicle structure is described by a nonlinear system of

time dependent differential equations. _: For the purpose of

obtaining numerical solutions of the system, the equat_ions

are linearized and LaPlace transformed. The resulting system

of simultaneous complex linear equations is a function of the
l,aPlace transform variable s. For a given t:ime _nto the

flight, entries of the coeffic_.ent matrix represent_i.n,_ the

linear system are Calculated as functio_,s of the frequency

*For a description of these equations see R. L. Goldman

and G. C. Reis, "A Method For Determining The POGO Stability

Of Large Launch Vehicles" in preparation

.... _ .......... 7 ..........
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where j_=s,"-.": and a Gauss-Jordan reduction scheme is used

to obtain numerical results. At each time po_int, a Nyqtdst

plot is generated representing the open ]oop, gain of the

system and the Nyquist stability criterion is used to evaluate

the stability.

IDput

All input to POG02 is accomplished by means of
the namelists RUNS and INPUT which are read in that order.

Below is a description of all the variables in these name-
lists.

NAHELIST 'RUNS'

NRUNS number of d_fferent sets of input data

for which the program will be run during

a single execution.

J

This name]._.s_, is placed .immediately behind the
XQT card aud before the namelist 'INPUT'

NASU';! iS'[' ,j';_T_':',

[1_ F,-'.DSntv:,h_,r...... of frc:q_<t_:,".\;o -,n£_,.: _ :,,'.:,.,o o=_ _i '- , _...
The maximum value of NHIQi'!C is determ__ned

by the parameter variable NN which can be

changed at will.

_,e" ,,. ;,Tor,o.s,,,
OMOAr4X( 1 )

minimum and maximu}r_ values of the fre-

quency in the Ith interval (hz).

TMIN,TMAX minimum and maximum values of the flight
times to be considered. For a single set

of input data, the same frequencies are
considered for each flight time (sec).

DT increment for the f]_isht t_me (sec).

TCECO time for center ensine cut-off (sdc).

MU(1) viscosity of the oxysen (Ibs/(sec_"in)).

MU(2) viscos-;ty of the fuel (ib._/(sec

each of these arreys is dimensioned 6x2.
The first subscript determines suction

line segment, the first five being oxygen

**For a description of these calculations see A. T. Ackerman

and H. E. Stephens_ "AS-503 S-IC Stability Analysis", in preparation_
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SKA,SLA,TA

CI

SKI

and the sixth being fuel. The second

subscript is ! for inboard engine and 2

for outboard engines.

D Diameter of the segment (in).

E Modulus of elasticity of line

material tib/in{:{:2 ).

TH Line material thickness (in).

SL Length (in).

CI Orifice loss coefficient (ibs*sec {_"

2/in*" ._II).

T 0..LE.T(I,K).LE.I. gives wall velocity
as linear combination of tank and

pump velocities.

each of these is dimensioned 2x2. The

first subscript is 1 for inboard and 2
for outboard.

SK A

SLA

TA

Dimensionless isentropic exponent.

}le:ig:_o of fluid Jn the. acc__u__'.or
(in).

O..I,E.TA(I,K).LF,.I. gives wail.
velocity in the accumulator as
linear combinatio_ of tank and pump

velocities.

pump inlet area for each oxidizer and

fuel line. Each engine has two fuel lines.

K=I,2 for inboard, outboard (in_2).

a 6x3x2x2 array of constants used to com-

pute the coefficients of the Rocketdyne
transfer fu:,_ctJons. These coefficients

are repreaented by a 3x2 matrix. Six
constants are use<] in the calculation of

each entry of this 3x2 matrix. These

six constants are represented by the first

subscript. The la._3t subscript is i for

inboard and 2 for outboard enSJnes. Thus,

C(5,3,2,]) would stand for the fifth con-

stant to be used in calculating the third

row-second column entry of the matrix

representing the inboard engine transfer

functions.

a 3x2x2 array of gain constants of the

Rocketdyne engine transfer functions.

There is one gain constant corresponding
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PVCD,PVCE,

PVCTI:,
PVCSL

PVCKS ,
PVCT

PVCSKG

ALPHA,
BETA

KBCTF

to each entry of the 3x2 matrix described

above. The last subscript is 1 for in--

board and 2 for outboard en[jines.

total pump mass (lbs*sec_2/in).

each of these arrays is d_mensioned 2x2×2.

The first subscPip_ refers to the sections
of the PVC and is i for the smaller and 2

for the larger. The second subscript is 1
for oxidizer PVC and 2 for fuel PVC. The

third subscript is i for inboard and 2
for outboard.

PVCD Diameter of the section (in).

PVCE Modu]uo., of e].a_'._L.__'city of the PVC
material (] b/in_:_2).

PVCTH Materia_ thickness of the PVC (in).

PVCSL Length (in).

each of these arrays fs d_mensioned 2x2.

The first subscr3pt _s for ox_Jdizer, fuel
p,_d L':P s. <'o:_<_, f<;_"_n],t)o:,'d,outb<.;_ ].

PVC}(S Sprim&f c<nsta_:t: of the PVC (in/_]!_).

PVCT O..LE.PVCT(]_,J).I,E.I. gives the

wall velocity 5n the PVC relative
to the ends of the PVC.

longitudinal acceleration in G's:thrust/

weight. On ground, PVCSKG=I.

each of these is dimensioned 2x2. The

first subscript _s for oxidizer, fuel

and the second for inboard, outboard.

ALPHA Adds a constant phase shift to
the transfer functions which

represent suction l_ne pressure
to thrust ratios (degrees).

BETA BETA_'OM[<CA, where OMEGA is the

frequency, adds a phase sh-i ft to
the transfer functions which

represent suction line pressure
to thrust ratios. This phase
shift varies as a linear function

of frequency (sec).

q°

if KBCTF=0, the gain constants of the

engine transfer functions and the con-

stants used to compute the coefficients

of these functions are given by the input

arrays SKI and CI. If KBCTF=I, these

........................ ].......................................................................... i .......................................................... ,.....
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KBC2A

KIEOL

KCEUP

constan' "bs are given by the arrays }?.'C_i_,......
and BCMC in a data statement in the

main program (Bellcom'm transfer, functions).

if KBC2A=0, the last section of each

suction ]ine is replaced by a PVC (Pressu_'e

Volume Compensaoo_,). If KBC2A=I, no PVC's

are included, and the last section of each
line serves to convert absolute flow rates

to rates which are relative to the wal]s.

the program incorporates five engines

and associated suction lines by modeling

the inboard engine seoarate]y from the

four identical outboa_'d en_:i_les. The

indicator KIEOI, permits the use of two

different methods of comb:_nin_: these
inboard and outboard lines.

KIEOL=] .... the inboard enpine ope_'ates 'open

loop' and is connected 'in parallel'
with the outboard e_.g_ine. Only 4/5 of
the J-_J__<,' _'i,-"._'.a] j_ .... , _ i_ <] t_ ti:'::., '__

board l:inos_ the r.:.::_.'_1_:_,::]-/5 boi._.::

app]Je:] t<, ' _ _ . " v,] _. r:o.. L,h,. i n!,,,o _ i . Thc. th'".,.:s.

output from the inboard e_.cine is not. fed

back to the input of the inboard lines,

but is added to the thrust output of the

outboard lines to produce the total thrust

output.

KIEOL:0 ... the inboard engine operates

'closed loop' The entire input signal

is fed to the outboa_'d lines, and the

total thrust output is that due to the

outboard lines O_]ly. The inboard thrust

output J s fed back to the input of the
inboard lines.

if the center en__':ineis operating c]os _-a

loop, the Hyqulst stab_i:lity criterion re-

quires that this loop bo investigated for

stab:ilJty. The indicator FC}iiii__ _,,as

defined to al]ow such center engine r,;yqu_st

plots to be made. If KCEtIP=I (H.B. it is
wnecessary that ,,I_,'01,:] in this case), the

center engine loop is opened, and ti)e

total t]_rust: output printed by the program
is the net force returned to the center

engine due to a unity thrust input to the

center engine. Otherwise, set KCENP=0.



BELI_CO[4M, INC. -6-

KSLNL,
KSI,CO

important parameters in the POG0 prob]em
are the frequency responses of the various

suction lines and their sensitivity to

variations in cavitation compliance and

other 'downstream' impedance. A commonly

accepted definition of the suction line
transfer function is the ratio of output

pressure (pressure at the pump) to pump
acceleration. To determine these para-
meters the indicators KSLNL and KSLC0

were defined.

When KSLNL:0, the downstream

impedance is removed from all suction

lines, except for the cavitation com-

pliance. When KSi,ii]_=], the suction
lines are connected to their downstream

impedance.

KSLCO isolates the suction lines

and their termJ.natJng impedances from the

rest of the system. When KSLC0=0, the

input to t]:e su:'t::o_ ]:ines from te::',:
bo%%o!:: L,:'c:.;::i! 'cs :_s sc:% <)qu::_ %o zc:'o a:
J s the POS-AOS f'codbac]:. :','h-n KS]_C<)::!,

t_e sy_;te:_L is Jn its no_,;,a] state.

INDPNT 2 for printout of a]] variables rep_,esent-

ing so]_utJons of the linear system.

i for pri_tout of only those variables

representing suction line transfer
functions and the thrust output.

INDPLT i for Nyquist plots o£ the thrust output

represented by the variable TOPRNT. A

plot of imaginary vs real part of TOPRNT

is generated for each time point with

frequency varying.

0 for no plots.

MPRNT i for printout of the entire matrix of
coefficients of the simu_qtaneous

equations represent.-:,nf; the linear system.

0 for no printout of coefficient matrix.

Output

For each set of input data, all of the variables in

the input namelist 'INPUT' are printed along with the vari-

ables in the output namelist 'CSK'.



.%

BELLCOMM, INC. - 7-

At each time pofnt, a Hyquist plot of imag:inary

vs real part of TOPRhTT is generated with frequency varying

(if INDPLT=]) and the following are printed out

... the variables in the output name]ist 'OUTPUT',

... amplitudes (db) of zero phase crossings and the fre-

quencies (hzj at which they occur (_ccpt when KS],CO:0),.

•.. variables which represent solutions of the linear system

as functions of frequency (dependent upon the indicator

INDPNT) .....

At each frequency, the coefficient matrix of the

linear system may be printed out (MPRI,'T=I).

Namelist 'CSK' ...

C ,SK the C and SK arrays represent the actual

transfer functions used by the program.

If KBCTF=I, these will be Bellcomm. If

KBCTF=0, these will be Rocketdyne.

NamelJst 'OUTPUT' ...

in what f'o].lo:,Ts,the sub:---crJpt K refc-.,':_

to tile e_,<_i:',<::._{J_,] Js ] for t}_c: Jnbon:_d

engine and 2 for the outboa_'d e]_Eines.

MO(K),MF(K) propellant weight per' unit length (]bs/Jn).

MTO( I<),
MTF(K)

pressure pe_, unit _cceleration at; taxi,:
bottoms (ib _se c÷:'::2/Jn __"2).

PAOS (K) ,

PAFS(K)
static LOX pump in]et pressure (psia).

static fuel pump inlet pressure (psia).

RHO(I,K) weight density of the f]uids. I is I for

oxygen and 2 for fuel (Ibs/Jn::':3).

CBO(K), bubble compliance oF the fluids (in::"::2).

CF,V,SA each of these is dimensioned 6x2. The

first subscript deter, mines suction line
segment, the first five being oxygen and
the sixth being fuel. The second sub-

script is I for inboard and 2 for out-

board engines.

CF

V

Frictional coefficient of the

segment.

Velocity of fluid in the seg-
ment (in/scc) .
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SA Wave speed of fluid in the seg-

ment (in/sec) .

OMQA.(1) 1=1,9 the natural resonant frequency of
the structure in the Ith mode (rad/sec).

ZETA(I) I=1,9 damping ratio of the structure in
the Ith mode.

HP(I,K),

HTO(I,K),

HTF(I,K)

I=i,I0 the coefficient of the Ith term

in the generalized coordinate expansion

of the displacement of the pump, oxidizer

tank bottom, and fuel tank bottom,

respectiveIy.

l=l,10 converts the force at the gimbal

to the generalized force in the Ith mode.

I,A(J,K) the product of the acceleration of

gravity and the inertance of fluid in
the accumulator. J is I for oxidizer and

2 for fuel (] .lJn).

VAO (J,,_:) vo]u;,{e of g_; in tl_e acc_nu]etor. J __s
1 for ox:;.d:i._:c_' and 2 for fuel (:_nu"3).

KA(J,K) elastance or stiffness of t1_e gas in the

accumulator. J is i for oxidizer and 2

for fuel (l./Jn{}{_2).

PVCA(I,J,K), the subscript I refers to the sections

PVCSA(I,J,K) of the PVC and is I for the smaller
and 2 for the larger. J is i for the
oxidizer PVC and 2 for the fuel PVC.

PVCA Cross--section area of the PVC

section (in.':::2 ) .

PVCSA Wave speed of the flu_id in the
section (in/sec) .

Printout of solutions of the l:[near system ...

PIOI ,
DWIOI

inboard engine oxidizer line inlet

pressure and flow rate.

P801,
DWSOI

inboard engfne oxidizer i]ne outlet

pressure and f].ow rate.

PIO0,
DWIO0

P800,
DW800

outboard engine oxidizer line inlet

pressure and flow rate.

outboard engine oxidizer line outlet

pressure and flow rate.
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PIFI ,
DWIF!

P2FI,
DW2Fi

P3FI,

DW3FI

PIFO,
DWIFO

P2F0,
DW2FO

X'fO],):i'],
XTFt

XTOO,XPO_
XTFO

XI 0 THRU

XI9

TI

TOPRNT

TFOI,TFFI

TFO0, TFFO

inboard engine fuel line inlet pressure

and flow rate.

inlet pressure and flov rate of the

second segme1_t of the inboard engine

fuel lines.

inboard engine fuel line outlet pressure
and flow rate.

outboard engine fuel line inlet pressure
and flow rate.

inlet pressure and flow rate of the

second segment of the outboa_d engine
fuel lines.

outboard engine fuel line outlet pressure
and flow rate.

All of the above pressures are ibs/in_}'::2
and the flow rates are ]bs/sec.

o)::[dJ Z<:1"t<:Yl]:[,oi:tom_ [,t',:::_), aTl] f't'O]

- • I_ < f,tan1,: bottom dis<,!ac'e::Lon_<: o t!_c jYil)Og[P<]

engine (in).

oxidizer tank bottom, pump, and fuel

tank bottom displacements of the out-
boar& engine (fin).-

the ten generalized coordinates (in).

thrust output of the inboard engine (ibs).

if KIF,OL:0 and KCENP:0, TOPHNT is the

thrust output of the outboard engines.

If K]EOL:0 and KCENI)-I, TOIq{NT

is TI+OM}EGA '_::2{:I.I_'-ASO(i )".PgOI-2. ":"ASF(.])

_'P3FI where OI.iEOA is the frequency in

radians/sec.

If KIEO],:I, TOPR,NT is the sum of
the thrusts from Jt.bo_rd and outboard

engines.

ratios of output pressures of the
oxidizer and fuel suction lines to

OMEOA_2_XPI (inboard engine).

ratios of output pressures of oxidizer
and fuel lines to OMEOA_2_XPO (ou_-

board engines).
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Sub_roc_rams Used

ACCU_,12 supplies accumulato_-, variables I,A and

VAO which are _nc_ependent of flight
time and frequency.

DATA
supplies values of the suction line,

pump, and tank data for a given flight
time.

PMTRX2

PVC

calculates the entries of the coefficient

matrix of the linear system for a given

flight time and frequency.

a routine called by PMTRX2 to define the

matrices used to model the pressure-
volume compensators.

SOLVEQ

ST}{CT2

supplies solutions of the linear system

in the form of amplitude and phase ant]le

for a given f_]J[[ht time and frequency.

s!.lpp):;es v::]Ilc2 ,r,£ t:_}_o .t,i:,uctt_:..p] t_,::_ ._:
fo_ _ a g:;vo:'_ fl_?:i : b:ime.

TABL}:I],
perform,% linear intez'po]at:ions using a
binary sea_,ch.

POGPLT used to obta._n Nyquist plots. These

plots are p ener'ate<] by the Stro-:fl_,er_•

Car] son 4020 plotter. POG_)LT ]s an

adaptation of ORPLOT and uses routines

belongin s to the SC-4020 plot packap_e.
This packaf_e is at present maintained

on the Bel]comm system library.

A FORTRAN deck of each of the above routines can

be obtained from the Bellcomm Al)p]icat_ons Program I,ibrary.

CGJR a routine in the U!,_IVAC MATH-PACK which

performs a complex Gauss-Jordan reduction

on the matrix supplied to it by SOI,VEQ.
The MATII-PACK is et present maintained

on the Bellcomm system library.

CLOCK a Be].Icomm system library routine which

prints the program execution time required

for obtaining and print:ing solutions of

the system over one flight time.
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Pr___o__,<__ramLimitat_ ons

The maximum number of frequencies that may be con-

sidered for one flight time is determined by the parameter

variable NOME@A and is at present 125. The maximum, number

of frequency 5ntervals that may be con_3dered for o_e flight

time is determined by the parameter variable NN which is at

present 20. NOMEGA and NN may be changed by the user and
are restricted only by the size of core.

Program Usage

At present, POG02 is running on the UNIVAC EXEC 8

system. Assuming that the user has not already established

a FASTRAHD f_i]e c)r tape on v:hic1_ the prof;_'am is stored, a

typical run deck would be set up _s follows:

@RUN CFB,POGCY'}_ ,POG02 ,20,50

@}IDG C F BAN]CK SA_qPLE POG02 RUN

@ASG,r.: I0 ,T, PLOT _<, " _ -r< r](A plotting taoe must be a....i_<

W_IO'LO _,',:'z'.... _, )' :7]".: ::. F,- _)_.._,_,_-_ ,_ _e _, ._

generated.)

@FOR, IS POG02 ,POG02
(FORTRAN cards)

@FOR, IS ACCUM2 ,ACCUK2
(FOI-{rJ"RA:: C&Y'Cs )

etc.

FORTRAN decks of POG02, ACCUM2, DATA, PMTRX2,

PVC, SOLVEQ, STRCT2, TABLE}], and POGPLT.

@XQT

$RUNS
NRUNS:

Sm o

$INPUT
(data)

$1NPUT

(data)

SEND
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Program listings and a sample run of the pro sr_:;!

are reproduced below. Included is the Nyquist plot generated
by the run.

NOTE: The values of input variables are not changed by
the program. Therefore, it is unnecessary to reset; values
of variables _n the namelist INPUT bc_^:een successive

readings during one execution of/ithe program. ,,

-- /TY . f/ ,<

1032-CFB-mfa m.F. Banick '
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POGS_C_PDCCw2_POG02

POG02

CAI,_OL Fo [',,t,t41CIC,

GEor_GE Co REIS

SOLVE A SYSTEH OF SIIiULTANEOU5 LIHEAR EO,,tJt, TIO;.J$ i';ti!Cl:

MODEL THE SATURN V SEt.Fc, SUSTAINING LONGITUDINAL

OSCILLATIONS (PoGOIo TIIRUST VARIATIONS ARE DUE TO

OSCILLATIONS IN THE STRUCTURE _'JHICI| ARE FED BACI_ TO TIIE

THRUST THROUGH THE PROPELLAE]T LI_ESo

DEFINE T)IE MATRIX USED TO DESCRI_E TIIE SYSTEM AN[) USE

A GAUSS_JORDAN REDuCT,TON SCII(:,II_ TO O_T/.,]t_ HUI;ERICAL
RESUI. TSo

T HI',>0 U C I';NAt;ELISyS

NAI'IEL I ST I F,'LJr.!S : ©oo

l'r,.F(Et_'( SI'CTS OF IRI':IYT D'TANRUN5 NIJIiSZR 0_? D_ "f'r" ,,
r-- rr) tFOR V/HICIi TI;,:. P[,_O ...... I _'dI[.I. [;E R! t.' l)l!r:_f'."6

(-A Stt,_,l,E EX':CUT_. .0,,_"

,, • ...... 1.1) ' _. I3'_I_S t: r;r:l Zc .- . y [ ,_,,- ,'_ ..',',

Ct, l_D At!D DEFORE T_IE I! _,,IL:._'_,_I,{;i _ _i_,'t!T_. ,.

NAI;EI. I.ST )ItJPUT)oo©

NFR_iNC NUI_BF.I'. OF" FREQUEI.jCY IkTERVAI-..S OF It;TEcRFSI'o

THE MA,'!Ir',UH V/,I.UE OF I_FRQb_C IS b[:TF.Ri;ZI.'F.D

BY "fl-_[" PARt:I;STER VAI_IADI,E NH _'_lIICl; CAH
BE Cl',:,t_CE[) ,t,'i" 'L:+ll.I,e

OHGAMN ( I ) )

OHGAHX I I )

DOMGAII)

TM ! 11,0TII/,/,

I r-t,IINl/IUli AND tIAXItIUI; VA+.Uc.S OF THE

FRECIUENCY IN THE ITll INTERvAl. IliZ)©

BASIC STEP 51ZE oF TIIK FREQIIZMCY IN TIIE'

ITII INT{'RVAt, (IIZ}_

I._|I'JIIIUHAP!D HAZ_tlUi; VAI.UZS OF TI',E Fi.,IC.i;')'

TIIIE_ 1'0 _E COII_ID:::I;,'.,:[)o FOR Oil[.: FXF.CUY_[,,,]

OF TIlE Pl::OC[',t.ti_ yIl_ st, r;r FI, F.QU_.NC._C.S.

ARE C[._I_...;ID_,Ri:_DFOr_,[:;,Cl_ FL|CI;T "l'_l_ (.'?EC}(.

DT INCF_EIi[Tt_Y FOR TIIE FLI(:_IiT 1._liE (_EC}o

TCECO TIME FOR CEItYL'ZR EI"C_INE CUT,.OFF (sEC)(,

/.lU ( I )

_U (P,)

VISCOS_,TY OF Tile OXYCEI.C {LCS/{SECOIN))(,

VISCOSITY OF YHE FUEL (L[:,S/{S[-:Co!I"IJe

EACH OF TfIEBE ARRAYS IS DII-IEIIS|OI,,_ED 6;',2_

THE FIRST SUP, SCRIPT DETE_I;IHES SuCTIOH

LINE SEGI-IENTc THE FIRST FIvE DE._t'_G OX',:EKN

AND TIIE SIXTH DEING FUELo TIIE SF.CON.O

SUBSCEIPT IS I FOR INDOARD EI_G_i"_ AMD _.



C
C
C
C

C

C
C

C

C

C

C

C

C

C

C
C

C

C
C

C

C

C

C

C

C

C

C
£

C
£

C

C
C

C
C

C

C

C
C

C

C
C

C

C
C

C
C

C

C
C

C

C

C

C

C
C

C

C

PVCSI._G

ALPHA I

BETA

KBCTF

K_C2_

KIEOI.

2 FOR OU'f[}OARD_
,('I r_. irPVCD DIAIIETER OF l'I'I_...,,_CTIO_. ( l_rI

pVCE IiODL!!,U_ OF EI.A_'f!C.T'IY OF THE

PVC IIATF.RI/,L It.D/[i'ooZIe

PVCTII I-iA'I'['_R]A[,TII[CI_I_ESS Oi=" TIIE PVC (1_}

PVCSL 1.ENGTII { IN) ©

EACH OF THESE ARr_AYS IS DIIIEtJSIOi_r-:I) 2X2c,

TIIE Fir:sT SU_._;r2!,_T 1S For_ o;_iozzr.:i,',FU_L
AND THE SECOI'ID FOR It4BOARD_ OUTE.',Ot,hP_

PVCKS SPFIING CONSTANT OF THE PVC |INILB)

PVCT O,eLE_ PvCT(IoJIoLEtlo GIVES -

THE _'JAI, L VELOCITY IN THE PVC

RELATIVE TO THE ENDS OF TIIE PVCo

LOh'GITUDiI.IAL ACCEI.ERATIO/, _ IN G_5 _' TtiF_UST/

wEIGHTo orl GP, OUt,!Do PVCSKG_;I =

EACII OF THESE 15 DIIIENSIoN_-f) 2X2_ ThE

FIRST SUB, SCRIPT I,S FOR O%IDZZEt,'_ FUEL

AND TI4E SECOI',D FoP, [t.!_O,,',I,'.D_ OUT_,oI, RDc
ALPH;" ADDS t, cov_Y,',r,1 p_t,SE SHIFT TO

THE "fRAI4sFKI_ I.UI.!CTIOI,T5 i,:HI_Cll

REPP, IISKr:T 5UCTIOM I,It:K PRESSURE

TO lll_ll/,;i"R._.l'!O_.:(P[Tc._._f:1.

BETA A_[_S A [ il,',__._ ";_[.T "ln "" "- " :_ '., ., . . I,,,.= l'i:,,/..._ [-i,_
FU;,'CV_O_-" _'.,_',ZC_; r: E [. r..:;. '.q_: r: ] '.;,,.,cr_,._

TI,II5 r'IIAsE SlIIF? Vf,RZES t..5 A

LINUf, R FUMCYIOV OF FREQUEI'Cy(,

IF KOCTI-*;Do TIlE GAIII COI'(,;TANT5 OF "flIK

EI'IG]t,'F.TP,ANS_{'R FUh'CTION5 t:I'_DTIIE
CONSTANTS USED i"0 COIIPUTE TtiE COEFFICIENTS

of IHESE FUNCTIONS ARE CIVEFI BY TIIE INPUT

ARRAYS SIC! AND Clo IF KDCTF=I_ THESE

CONSTAN3£ ARE C_VEN DY TllE AI'IP, AYS hCI.ISK

AND BC/!C |N A DFITA STATEI-IF_NT IN THF, MAIl4

PROGR#,ll {[_E[.I.COIIII l'Rt,t_SFEl_ FUi',=C'I']O_';5)_

IF KDC_':A_.:O_ )'tie LAST SECTIOt! OF EACI;

SUCT[O[_ l,II!,.'-_S REI'I,ACEI) gY A PVC

(PRF.SSU_',._ VOI.L!;iF COI;P_I_St. TOP,)_ II
KP=C2A::_._ NO PVC_S /,f:K _h'C[,Ui'FD_ AI,!L) T_IC-

l,A51 5ECY[Oi! OF EACll l.)l!F. £C.F_V[CS TO

°'_ _COHVEIIY /_[;S(,!.uT[i FL(::._ R/,TF.S TO RA_,:.., _';IilCI;

ARE REI,A'_',IVE lC_ TIIE _';AI,L5o

THE PROCRAI 1 II'CORPOP, ATF..S FIVE EtiGIl4K5

AND AS-c.;OC_t_TED SLjCi'_OI4 [.INZS [;Y I.IOC_F.I.I,_!G

TIlE IMSOARD EIJGINE £EPAR/'._'EL.Y FROII THE

FOUR IDEHTICAL OuTBoARD ENGIME$_ TLIE

INI)ICAI'OR KIEOL pERI,IITS TttE USE oF" TDO

DIFFEREr,'T I-IETI-I.o.r)sOF COI'IBINIt'G "i'tiESE
INBOARD AND OUTC_oARD I. INES_

KIEOLnl _ TIIE IIJF,,OARP ENGIME OPERATES
i F- .;OPEN LOOP_ AND IS CONLL',C_ED =|N PARAI.,LEL_
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C

C

C

C

C

.C

C

C

C
C

C

C

C

C

C

C

C

C

C

C

C

C
C

C

C
C

C

C

C

C
C

C

C

C

C

C

C

C

C

C

C
C

C
C

C

C

C

C
C

C

C

C
C
C

.C
C

SKAtSLA_TA

CI

_K I

t4P

PVCDIPVCED

PVCTH,

PVCSL

FOR CUTF'O,',_D r *_. _.

EG,_,:;-IT (lN)oD DIAr;_.T_R OF" Tl{_ 5 ,,r=.

j A .E /.;OP.,LILIJ_OF: F._,,qTICI_Y OF t,ll*;E
",$- lIIAi ,.',f, I/.l. (L,D / I i.:c>c:2 ) o

.... I El, I l-',i:'iJE r"D I i_TH LII_.. Plt," '_./,t, Till. , . ., ( I o

SI, L,.r._!Cii ', (I_I_

cl OFCIFICE c t.05S CoEFFICILr_'T (i.L:Sc'SECeo21.

T O*_LF._T(IIKIoI,,Eolo CIvF-.'3 I"ALL

VEL, OCI'I"I t"q LIII_-A_'7.. coi:°tr,_.,. ,,TI oi.7 OF

TAr'l( AI_D PUHP VtZI, OCITIF_So

EACII OF THESE IS DItlENSIONED 2_2,_ TI.IE

FIRST SUBSCRIPT IS I FOP, OXIDIZER AI*_D 2.

FOP, FUELo TIIE SECOND IS I FOR INDOAFcD ANt)

Z FOR OUTBOARD_

SI(A DIIIK_ISIOf_t, ESS ISErlTROPIC EXPOi,:F.r.ITc

SLA HF..ICMT Of: FLUID Ifi THE ACCUflUL.f, TOP,

(I1,!)

TA Oe_l. CoT/',lltl:l_LEc!e GIV[_,q I'T/.LL,

VEI, OCITY If; TII_E ACCU;iU[.t, TOR A5 LIr-lLf. t_
COII6ItIA'L'IOr'. OF TAI,_tC I,r'D Pufif'

VELOCITIESI

pUIIP II!I..ET AREA FOR EACII O;tI[:IZ;_;R AND

FUF.I.. t,. If! ''_`._ ......r;.;rt' [;iIC lrl.'E liDS Tl'.'O P'li "-_;:......I II'-c...q e.

K_ I i;< FC';, l'#l{',e..'_i_r_; ()Lqli ',.':,,, i : ,Z_ ( [;:" _ _--7 c

,,_, L,,.j _¸¸A _,,,D;x'P;{,": *.i,,C._, ', O CoiT;,i/,i:'iT; D "t0

cOi-II>U'i'E TtI['] CO{17F'!C!I'_t:'iS Of- TtlL
ROCI'_F. YOYf.'{; "f'I:t,M.SI:EF_ FUMCTIOf7- c'c Ttlf-5[Z

COEFI:ICIE.r!TS ARL F:F.PCF-SEIJTED IJY A 3A2

t4ATF,>IX_ Sl;: COt45-_'Ar_i'S t, fTE U.q[CP llq TI:;";,

CAI.CLII_ATzOI!. C)I: [{ACII I..]I_TiCY O;: Ttii <., :'_;',_
biAl'lI!lto THESE 51y CO;,JST/,I,i;_ r'if_E

REPRES[;I,_TED O;' TIIE FIRST SLIDSCRIPT_ THE
LAST SUP, SCRIPT IS I FOP, INDOAF,'D AI','P 2. FOf_

OIlTf)OARf) IZMGIN'ES_ TIIU_ ClDi312)l } WOLil,.D
SlAr, IO FOR Tt-tlZ FIFTII CONSTANT TO £)E U.SEI)

IN CAI.CUt. f, TII_'C_ YI',K TIIIRD ROU-SECONI) CO!>u;_N
ENTRY OF TtIK IIATL'.I), I.:EI_RESt-'.I4YItCC , Ii-IE

lrinot, r_o [,:l{ClllZ _i_f,f}SF[-.'r4 _UrTC'l'lOi.zSo ".

A 3X2,_ Ar_I',/,v oF CAlf! CO_[STAf:'_f / OF TI;[ Z

F,'OCU.KTDYU{; [-Ht_ll!_i TrZAfI._7-f:.f ', I'UVCTIC)_<.;_
TtlEIT, N IS orl_ CAll: COl;5"it.',]T CC)r:i,'ZLcPOf-:P[lie;

I'0 K;-CII EI:'ii'_';'Of: 'I'IIK3,:2 ll/.'ii_,lV,DESCI,_li_CD

ABUVI;_ TIlE LAST riUC;:/CFIII'>T I5 ! FOR

It_DOA,qD f![) 2. FOF; OLiTf'_O/'_[,'D E;!Glf.,,)'-_r, =

TOTAl, PLIr;P liASS (I,r, ScS,r;Coo2/l_l

EACH OF THESE t,RRAYS IS DIIiEIISIOI:ED 2XZ,',2_

THE FIRST 5U_.SCRIPT REFERS TO TIIE SECTIONS

OF TIiE PVC AMD I_ | FOR THE SIIALLEI-_ AND

2 FOR THE LARGER_ "fllZ SECOND £LIDSCf-,'IPT

IS I FOR OXlDIXF.rl PVC AND Z FOR FUEL PVCo

THE THIRD SUP, SCF(IPI" 15 1 FOR I/J_Oh, i;O AI_D
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C
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C
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C
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C
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C
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C
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C
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C

C
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C
C

C

C
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C

C

C

C

KCEIVp

K_I t_;°. L_-,L. [_

KSLCO

I NDPMT

_IITH THE OUT_]OA',:C :ENC. ZHE: ONLY iI/5 OF

TIIE INPUT 5_C:f!,",l.,I S: APPLIED Tn TIT.'::

OUT[:,O/;F;D L!i.!_:S, TI",K iI_.;I,'_r_IN,,S 1/5 DEIH£

APPL. ZEi) TO "iliZ _I.,F'.._)/,rID I._f,'Z_ TI_E TF;tRtI.:;T

oUTPUT FEOI-i TIIE IN[;O/,_:D E/,'GIRE IS ROT FED
F i ."- ,,8ACE ?0 T_,L'.II,!PU_ 0," I''_ ""

BUT IS ADDED TO Tti_ TI'ICUST OUiPUT OF THE

oUYDOAp, r_ t.IH;-S TO PI:ODt.!C_ TIIF_ I'OTAI. TtiRUsT

OUI'PUi e
KIEOL_O ._e TtlE INBOARD ENGINE OPERATES

ICLOSED LOOP_,, THE ENTIRE INPUT SIGFvAL

IS FED TO THE OUTBOARD I.INES_ AND

THE TOTAL THF, UST OUTPUT IS THAT DUg TO

THE OUTDOAED LINES ONLY_ THE IMDg'_f,'P

THRUST OUTPLIT I5 FED BACK TO TIIE INPLIT OF
TltE IN_r;OARD LII.!EE:_

IF TIlE CEr;i'ER Ei_!C_HE IS OPERATIr!G (:LOSE(}

RECU]R['_S TIIAT iIIlE'.'LOOF DE IRV[-';TI(-AT['.O

FOR STI, I;.IL3T)'o T{iE It,JPT.Ct.TOP, KCEr:P lz,_S
DEF_RF:D ",'C /:E,|,OL' SLICt; C!:I.TCR EI.;GIRE

NYOLIIST f'l.O'(fiTO [_.Z MAIlEr IF KCF-r_Pt:I

(Nc.P,_, IT If_ t:ZCE5_/,{C'," "I'HL'f I:)EO!,r:] [t_

l'l:_P C,,: ::! ; 111:: C:_:I:_C:_-_ E_:c_'.i _..OL,: !:,

O,'_i.:l._-t _ _._'.!) :_;_ TO'iA!. "II;_;U::T O{._',j I"_

RETU;.'_':D i0 TtI2 CF:;_TC:ff, EI.,'GI_:_: OUi-: 10 A

UHITY THRUST !I_PUT YO TIIE CCIJFKR IzRGIRE:

oTII[.RC;[SZ_ S[.T l:c{:It2_-O_

IIiPO;;TAk'; F/,r:/,iiF:'_Ei_,g Ill TtIE I'OCO FKO:I.{-I.;

ARE I"I-;_E FREqU.ZIJCy R_Si'Oi,.'SZS 0:: Tile
VARIOUS SUCT_Or-. _ LIHES AHD TIIEIR

SENSITIVITY _:0 VAR_ATIOt!S IN CAVITATION

¢OHPI,._ANCE AI]D OTIIER _DO_'iHSTR[::AII_

IHPEDAi"CEo A COI_HOULy ACCEPTED DEFIN}tTIO_

OF THE SUCT_OH L.IRE TRA/'JSFER FURCT|ON !S

TIIE RA'I'Io OF OllTi;llT I?_;ESSUitE IPRES".'-;uRE AT

Ttt,'." PU{IP} TO PU;;p LCCF:I.ZI:'Ai'_C,R_ TO

DETEC_Ii_HF. TI-IFSE F,AR/_IIE','I'J':fi TI;g It.!f) ICt, TOE5

KSL. I:L. AI,_D I,.(;i.CO _':EP, E DEF]_I,'E[;:

i',,'ttEH I:_:t.t.'!.:_i_ TI_E f)O'.;t:S'i',:E/:t.;

II'I[:EDAI.JCE _.5 REI',OL'ED FROI', AI,I. SUCT_(!{'.

Llt!_S_ EXCEPT F'O;c TI!K CAV_i';,i'_O_.,'

COfIPI,]t,I:CE_, L'II!:.i'! I:SLI;L_:lc TII_: SI_cT_oI!

LI_.IES ARE CO;!t.:;':CTED TO TIIEIC ['OC:N._3Ti_g/,l_
1 l ir, EDAI!C ["c,

I:,SLCO ISC}I,ATL.q TIlE SUCTION LI_{,_: t. ND
TItEtR IF_I;tI_MAT]rJ6 ItI;,ED,_,;.!CCS f.RO¢i T_-I_ f,',_.sT
oF THE SYSTEIIo I:FIEM KSLCO,:D_ TIlE INPUT TO

THE SUCTIOIJ I..INE_ FRO_i TA_.,_I,BOTi'OI.I

PRESSURES IS SET EQUAL TO ZERO AS IS THE

POS',AOS FEEDDACK_ V;tlEN KSLCO:_I_ Trig
SYSTEH IS IN ]TS NORH;,L STATEc.

2 FOR PRIt._TOU? OF ALL VAR_ADLES

REPRESENTII_G SOI.UT!OI.'S OF TIIE LIHEAP,
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C
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C
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C
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C
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C OUTPUT

C

C
C

C

C

C

C
C

C

C

C
C

C

C

C

C

C

C

C
C

C

C

C

C
C

C

C

C
C

C

C

C
C

C
C

C

C
C

C

INDPLT

FIPRNT

SYSTEti o

I FOR PRIII'i'OLIY 0_: Oh_!.Y TI_OZ;E V.LRIA_3LES
REP_F.E_.:-ilTI/_C, SuCTIOh l,_r:.r TP, i,I!._:FF.R

FUi'CTZOI_'5 A!:D VI-;E THi_U5"I" C_HTT'Ui'_

I FOP, hYQUI._;T FI.OTS OF TIIE TIIRU_T OuTPut

REPR,_._;EIJ'6.r..P_Y TIIE VZ_I',ILI;I,E TOF'I_IJT_ h

PLOT OF I/iAG_NARY VS I,:.r[/_L PAIc'F OF TOPRNT

I5 6i.:t!E .... "......,,,,l_.,, :or: ml'ct: Till[:: POil.Ji ,-:|lii

FRE. QU _JI.JCY VARYING_

0 FOR NO PLOTS o

I FOR PRIIJ'_OUT OF TIlE EI'JTII_E FI/,TRIX OF

COEFFICIENT5 OF "i'll{'; 51liULTAh'.F. OU5

EQUAT_O/-t5 F,'I_PRESENTIN6 TI_E LINEAR SYSTEII.

0 FOR /jO FRINTOU'i OF COF.I.',:ICIF-I_T /;ATRI;Y._,

FOR EACI: SET OF I/.IPUT D/,TA_ AI.I. 0,. "FI-',F. VAi:[ADbE5 |l! ThE

INPUT I',;AII[-I. IST I IHPL!'I'_ #,RE F'i-_|IJTE[', OUT A!.O!IC f_['il', TIIE
VAR_A[;loES 1t' TliE OUTPLIY tJ;;IIZ)._5"F IC.C;I:Ic

AT E.,'.,Cil "l|t_r. l'_OIl':T_ A t.J','QUI_!T [[.OT OF !/IACIl!,i. KY V5
REAl. PAR'I- O_v TOPl_/.JT IS CEI.!_'R;.'|'F.D l#II}i [:RFQUEI!CY VARYIi-_C.,

(IF lrl[._i'l.i:-!) t:l:D Tl;i: l"Ol.I,C,f!i!!c, f.[;[: I, RII_TED OLIT

_c._ T,_',: \','_._L_:t _._: [[: Ti',!: 0',,'t;_3 !ILl::'! !5",' _r.'U'if'U', ;_

['_:Fc, l_2i:C_'.:!: (liT) AT _'l:!C,l', "_i:_:Y oC,:U:. _ (F_',CEI T f: i ',[::l '.

K _l.C (I _'( ! )

_o_ VARI/.C'.L{_5 i"tilCli l_:_I.',_,[-_.'3{:t!T SOl. UT!Ot!5 OF TII£ l, It:Ef.l':

SYS'iEi_ A_ r.Ul,lCTlOiJS C_i_ FREQ!!:'tlCy (I:,EI:EIJDEIIT llF'Ol; 1_IF
I/JDICATOR IIIDPIJy ) _

AT F.I, CH FREQUEI,'CY_ Tile C.OEIF_C:_Ftt'f /I,:;TR_X OF Tli. r'.

LIrJEAP, 5',5'(I_ii ll/;'i 131_ PI',II._'|I-D OU, llIlEIJ'i':,I]o

NAIIELIST 'CSK_o_o

C_SK TIIE C AND SI.: ARRAYS REPRFZSEI.!T THE ACTUAL

TRf, RSFER FUNCi'[O/.!5 USED C,Y TIlE PROC_I:Allo

IF KC,CTF,,_ "I'IIi'£SE 1711-,!:. BE DEl.|,¢Ol_li_ _F

NAIiEI, I_;T _OU'I'PU'__ _© o

Ih' DIIAT F'OI.I.,OV:.']_ TIiE SUC,."_CI_I-'T l: R,:-.F[:r.. _"

10 Ttl_: l.:l_.r-:_;.:_:._; t,,'tF) [._; ! FO,Q TII.C ltZ_!,'_:P

ENG_.I,:[: (,I!D 2. FOR TIIL:: OII'i'i-C!AF:[_ E.l._G._F.£_

_' 'r_EL!,_, T l_:['.'_Gl,_f Fi:i; ,.,_iT I..EI:CTII (l..,r'.Sf),,.j)ctlO(K) _l.il=(l::) p_G_ U '" "l"

_'11'_ F. .... "pr.F._ ....... I:t_.P, UrI.[T A(:CFI.F:.RAY|or.: IT TL/!l,
,'_'"e _ [.J

STATIC I, OX PUIIP IP,[oET PR,ESSURE (PSIA)_.

5TATIC FU[-':L PUI_P INLET PIcESSURF. IP-%IA)©

RHO l ! .K ) WEIGHT DEI'JSITY OF THE FLUIDSo I IS I FOR

OXYGEN AND 2 FQR FUEl. (I,DSIINo_3)_

BUDDLE COI_FLIAtJCE OF THE FLUIDS I lrt(,o2)_
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C
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C
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C
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C P , V s 5 A

OHGA ( I )

ZEYA(II

liP{ I :I,')©

lll'O(l _I.)

HTF'(IIK)

)IC, Oi;F.O. ( I )

LAIdoK)

VAOIJeK)

KA(d_K)

PVCA{ ! cd_K)

PVCSA(I c,d_K)

EACIi OF TIIZSZ l£ DIII_-.P-I-c.IOP,EZD LX2c TIIE

FII, ST SUL;SCP, IPT DE'fFF,'Ii!P:ES SUCTIO[', + I.IIIF-.

SEG/IE;i.J'(,, Yl-I:.C F]fCsT FT(\'Z E.ZIHG O%yqf:{t_. /.r'D

TIIE .51XTII BF. ItIC FUI-L_ II.IE SECOfJD

SU_;SCR]Pi' IS I FOR I_I30ARD [,rID 2 FOR

OUTI;O',RD KPIOI_!E5o

CF FRIC'fIOI!I!, COEI:FIC!F.i.I'f OF TI:F..S,r'.c:l'F_i_

V VELOCITY OF FLUID IN THE SEGIIKI,IT

I IN/.SECI +

SA WAVE SPEED oF FLUID IN THE .SEGMEN'(

(IN/.SEC) o

iP.l,9 THE f_ATURAL RESONANT FREQU.T.rICY OF

THE S'f._UCTLi?,_ IM THE ITI: t;O['Y. {RAD/,%['C)o

IL::I, _9 DAI;;'_!I,_C F:AT;IO OF l'lIK (-;TRUCTLJi;E If;

TtiE /I";I riOC_Eo

I_1o!0 TII,'.iCOIZFIrIC!EP_T OF III_ 1iII TERII

It,; THE C.,_II{'f:;",( IZZD CO0._[JII!,','f[] _'.)'.P/,_SIOt:

OF I"I-IEDI::f't.LCI:TI;L'MT 0[: T:IZ PU;Ir'o C';:zDIZCk

TARE DOT'+i'f;o At.!D FUE[, TLI',,',fc.OTfOI_+

P,F.S P ['_C T _V Zt._, ' e

I";I _[0 CC'i:?[_[_'f,- )'l',c ["o,:rF AT _l,t. ( _''_'''
+ r_ "! _ , . """1"0 "1t',_ G .... L],;/,L_.:"'_({) I:'OI',C_- l_ 'I "Ilia- I'ili i',OD<._

THE PRODUCT Of TIIE t_CCEI..I'RATIOI-! oF

GRI',VITY /,I_D TI;['] It',*ERTAMCE 0[: FLUID IN

TIIL ACCIJII_t.t, TO;7{ , d I_ 1 FOR O;;IDIZER L.I;D
2 FO-: PtJ,;.,;l, (lo/I[_l(>

VOLUME OF GAS IM Tile ACCUHtlI, ATORo d IS

I FOR OXIDIZER /_,/ID 2 FOR FUEl. (INoe3)_

EI. ASiAI,,_CI'_ Of-; S'flFFt4ES5 OF THE Gt, 5 ll,I THE

ACCUMUI,/'TOC© ,t IS 1 FOR O;',IDIZER ArID 2

FOR FUEl: (l._/II,'uc2)_

_I.IE _U[',.,C,,[FT [ RKFERC TO l'i'_-

5KC'flO:!50V T!IZ PVC /.I,'D IS !

FOR TII_L SIIAI.I.ZI, /+I_P.2 F'DR "i'I'*:

_: ,I lfi 1 FOR TIlE OXtDI?.KIzLAFiC,.R o

|'VC I'.I_D 2 [:Of: i'll':,. FU_-.I. PVC,(_
PVCA CRO_.']'-;c;<:%CTIOrTt,L AfZ[CL OF TI:K

PVC .£KcT!o", ( !I_e'c._l¢,

PVC£/_ f;AVE SpF. F.O OF TI'Z I"l. tJlp ]H Tti;c

SI_C'¢ I Oil ( I I'/_'.F;C.)

PRINTOUT OF SOI. UflOk'S OF YIIE L|IIEAP, SYSTEM o_

PIOI, IPIDOARD EMGINE OXIDIZER LIME It;LET

....... . .................................................................... . ...... ? ................................................................



C

C

C

C

C

C

C

C

C

C

C

C

C

C
C

C

C

C
C

C

C
C

C

C

C

C

C
C

C

C
C

C

C

C
C

C

C

C

C
C

C

C
C

C
C

C

C

C

C

C

C

C

C
C

C
C

C

C

D_IOI

P_O_

PlO0o

D_IO0

O_800

PIFIt

D_iIFI

PRFIe

D¢_2FI

P31-O

li3r 0

X1"01 sXPI

XTFI

XTOOoXPO_

XTFO

XlL] T_;r,U

XI9

TI

TOPRNT

TFOI,TFFI

PRESSURE AND FLO_ RATE,;

II,!_;O;,RD EI_CZ[IC. O;:IDiZL'R L_t!E OLI)'I. ET

PRE.S:-LI,.CC ;,;trj FLO.'; P,A'I'Ee

OU'(BO,-":R.r) EtICII]E OXIDIZER LIHE II:L. ET

pRESSUR_ ARD FLOw P,ATEf,

OUYfJO,'IRP Ei._C!tI20,':iD;,ZF:R LINE If:LET

PRESSURE AND FLO;:, R,,",TEo

INBOARD ENEIHE FUEL LINE INLET PRESSURE

AND FLO?I RATEo

INI.F.T PRE_SURE AI,,D FLO'i; Rf. TE OF 711E

SECORD SECtli_I,;T Oi" YI;I.: II,,'_OARD EI!GIr_F__.
FUEl. t. I F!F.S ,_

INBOARD IJl,;Glt.'ZFuLl. L/HE OUTLET pfiESSU_,cE

AHD Fl.O'c; R/,TE_

OUTDOARP El:GIN[- [:L!ZL LINE II.:I.ET pF:F:SSU.%F

AND FLOC' I,'A'iE,

Ittl F:'f I"R"r'c_lF:'Z "_ h '_",_!: F t 02 P,AT F" OF Tile ,,!::COL{)

SLCI;L:;:, [,;- "I',:Z (_t!'_'l:':,,',r:;: Z:i:c.: [. !.i": I t;FL [ i;:::..q:

AND Fl. Oi'_ RA'iE_,

ALl. OF THE ABOV{ C [:RESSI_r,':-S ARE L.BS/;F__o2

Arid TIIL Fl,O'v RA_'Z..'; LRF: I, FStSECe

OK|DIZER TAHK DDyTOt_¢ PUi;F', At'D FUEL TAt.;_:
BOT'I'OIi DISPII. ACEliE:r,ITS OF THE INEiOAFID EI'C_[NE

ilN)('

OXID_ZI-:R TANK DOyTOI;_ PU/;P_ AND FUEL TANK

_OTTOll D ZFI_I. LCEI_,::I_TS OF TrlE OUT[_OAICp

EN61t,!C ( II_1 o

TIlE TEl'; C,c,.I.'._::RALtzED COOi_9'_f_,,','_l:_. (!tile

THRUST OL!'i[:llT 0;: "fl;': II'F:,OLRD EI,_,! .c, (I.{!, ) o

IF ICIEOL';D AI;D I'CEI';I';;D, "i'O;>Rl!T I,q TIt.':

TtlRUSY OU'il"U,' OF Tl',(-OU'iCO/',RD ErlEI_t._F..S{.

IF I.C_EO!.:'O. LI'.D I((:ZH;):'}. _ TOPI',t!'I I_.

TI<,OI,..G,,o ..... r '." . ,p,",,_- , . '_-,o , ) 2.l"1
k'/t-IEF'E OIIE'CA IS TI!E FREQII_I,_CY iN RA(,[,"_I':Se

IF KIEOL[_I_ TOPF;/;T IS 1"1t_ SUIt OF

TIlE THRUSTS FROI: IN[;OARD AND OUTE'OARD
ENGINES,

F.cRATIOS OF OUTPUT PR,..:.._SURES OF THE

OXIDI2:ER AND FUEL SUCTIOR L!RZS TO

• OIIEGAoo2oX{:I ( _,I_C:,O:',F-.E' [':i_C_IFJE)

............ , .................................................................. _ ...................................... ....................................



"}3., .... ,-._ _

C

C

C

C

C
C SUfiROUTINES

C USED

C
C

C

C

C

C

C
C

C

C

C
C

C
C

C

C
C

C

C

C

C

C
C

C

C

C

C
C

C

C

C
C

C

C

C
C

C

C

C

C
C
C

C

C

C

C

C

C

C

C
C

TFO0 li'FFO RATIO?' OF OL!T,_'UT F';";ESSU£,E£ OF O;;_DIzZP,

AND FUZL Lli-r:$ TO Oi;EC_,',,'e2(:,Y, PO
(OUTLO,"_RD [;!QII]_"S] e

DATA 5UF'PLIES VAI.UZ-£ C!F Tile _UCTIOH LIHEt PUIiPt AND
TANK DATA AS A FUNCiIor _. OF Tlli[:o

STRCT2 SUPPLIES VAI.UE_ OF Tile STRUCTURAL DATA AS A

FUNCTION OF TII1Eo

ACCUM2 SUPPLIES ACCUI.IULATOR VARIABLES INOEPENDgNT OF

TIHE AND FR_QUEHCYe

PI_IRY, 2 DEF!I_ES THE COEFFICXEI, IT IIATP, IX OF Ti',E I,_.F:EAR

SYSTEH AS A FURCi'!OI! OF TIt;E, t,r;D FRI:QUEI:CYo

SOLVEQ SUPi'LIES SOf.UTiOi!S OF TIIE SYhTEI.; DEFIr;_P DY

_PiiTRz2{_

C C j R A ROU'iI/"C li_ Ttlr: l.ll:_f_.'hC I-IATI4 I"ACK _HiCII

PEfIFOR/IS A COl:_[.C;: C/',USS,_dO_;£_L_; REfiUC'iiO_ OF;

THE IiAI'R1X ._;urrl. zr:'D To IT [:,Y _SOI. VFQ¢ c.

Vg

KAYi_)'g.r-:; U:::!_ TU I;OD{:[. ,'l;{- I:VC_'.:;o

TABLED PERFOItl;S k I. II;ELR IP'FER,'O1,/,TI(_i]e

CLOCK A [;EI.LCOIIII I.X[IP, f;RY ROUi'[I!F._ I',l;lCIl PRII!T5 file
t_ROC. R;',II EXI:(.U'I'_.OH "(|[;[:: i_i-:(..,U.iF:;:l -_ F(;R O[:,'l'/,.,;I;[tlG

Arid r'R_flT_;:G _o[.u't'_o;:S (,F "Ft;:. SY.SiE;; oVL:k (1i,:_.

FI, ICIIT T I li[:. o

POGPLT USED TO ODTA_N I4YQU_Sy PL, OTSe TIIESE pLOTS ARE

GEI'!ERAI'ED [_Y THE Sc,,qOPD PLOTTF, Ro POC.F'[,T USES

ROUT_HES FOUHD Of" THE FASTi','AND FILE t'SSICPLTI©

SUDF(OLI"I'_t4E[-; t-c'll[';} _ t tsl!",;3_' t AND _SLJ[.Qt ARE

INTEP, I,_LL i"0 _l.'OCO;:_o

IF II.;i'UT DATA IS SLICII Tt;AI' 'l_l;E ¢q,!R F,OUT_I!,': IlLS
DIFr:Icu!.YV _'_ll;_I.E TICYII]G. TO ItlVERl Yt::: C!3[.:[.F'IC.]EI:'.," tiLTi-:_c:r

TIlE [IF._;C;LC:: _,.!C_:I_ IF; I;RXI!T;£!)_ _'.'I;_:I_F: I IS AI_ If!y[ZC,[:f',_

SEE TI;,_': li;,'l'll F'ACK WF:_TE,.Up OF CCJR FO_: All F.,_,PLhi!t, Tlf';: OF

ERROR RETURI,!S c

TIlE (:EI_IER EF!,,:[I!_" O;,ID[Z[..I'. I..IH_. E,';'I'ERDS IF!'.,C.'
TIlE OX_D_ZEI! T,*,t_I: FO,_/IINC. f, _T/',t!Di'li"_._, ONC[- II;E I]gICt',T

OF FLUID IN TIlE TAN',; FALLS [l,E!,O_'! IIIE ll[':_(_ii'F OF Ti',C

STANDPZFE_ IT IS IIIPOSS_DI..r- TO OI-'[-:RATE THE CENTER Er4GIREo

IF I'HE II4PUT DATA AT'i'EIIPTS TO SET cENTER ENGINE SHUTDIJC_N

AT A TIH_ SUCII THAT AUTOIiAy]C 51iUTDO",H I'_OLII.D HAVE

ALREADY OCCURRED; A I,IESSAGE IS. pRItITEDo
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g

C

C

C

C

C

.C

C

C

C

C

TI-IE COEFFICIEt',:T I]ATRIX P IS I)|I_._'I'!SIOIIZPMRF' X I-!CPc

NO;_EGA IS TIIK I:A,".I_IUI', t!uH.GZP, OF FNCCQZJ_i._CIE_ Tt!Af l;A'f BE
CONSIDZP.F-() FOR OME FI. IGI-IT 1|tIC:® tlh IS THE II;,XIIIU;*, PIUI_E_"_P, OF

FRE:_'!ZI!CY INT[_RV:.L5 lH?','i 11.",Y _.'- CCIIISID_.Fi[!D FO; _, O_Z- F[,),C',;T _'_,I;_-,o

NOMECA I,:N!) I'IN-I_AY ['E CilAHGF. D BY TIIF, USZf,' AIID AI',E R_SII:',|CTED Ot;.'..y

BY TIIE SIZE OF COi'_Eo

• ° " r'!I!_:2 rl

REAL LA,HU(2) IH'fOIFiTFsI'IODI';FolqPDI',A

COt.IPLEX P(NRPsNcP) _TOUToTOUTIcP_TOPRNT_TI OUT

Pli2 IS SIIARED l_Y POG02 AND PI.ITRX2o

COllr;OH IPIi2/C,_CF(6;2) ©V{6c, 2) oSA(6_,21 _:A(6_21 _SI..(6_21 i

Cl {612) iRl:O( 2 c.2l .'.TI6 ,_2) _I./.(;:_.2) _,I<,',(2 .,,2 ) |,,",Li"II/,(2 _2 } _,

BETA (2 _:2 ) _SI.:,(?.c,2 ) iTI,(2 ) _,I,SI.CO _,IcCECO c.,'LSO{2 } i:._;:"(2 ) =

ZETA(Q) i0 _',C,:,(';'}

HP(10=2) =ll'i'O ( |(] 12) .,liT{"(1{]_2) _ l:C:nl;E..n. (10) ft11"O ( 2 ) ,.I;T;" _ 2 ) =
C(6=3=2_2} _,5K(3 c2 =fi) _t_St.r;t._C;',OC2) _,CI:F(Z) _tlO(2) =hF(?}

I-IPiPV C::L (2..,:Z .,,2 } ,,I"VCI:L3(2 o2 ) _,P V C51:,5 iI'VCI (2 _2 ) i['VCh (2 _:2 t,2 ) ,

PVCSA ( 2>_2 = ,'_) _I{P,C 2A t 1{ I f:.0 I. oIccEIcF '

[)iii!:i::;!C,;! O;;CLI;II(II;!: :C;;lC:.r;;;(i;!'.,<r)(_i;C_:;(i;;i) :I>(C._.".) :'t_;(: _2} :

E ( c, : 2 i _r_t' c:{,>( :: : :',,? ), p v _ c".($:_2 : .'.:: : f,'.' c'r ii { <',,;7:,<_:},
OliLO;', (fl'ai:Zc ;', ) _/,'i 0 Ll't' C; (i_Cll;Z C.', ) : [' 'i C,!.l'i' Ci _,;:{i;;;-/_i ', ) i'

RTOUTO ( f:O;',{" (]/; ) _ CTOLi'iO ( i_Ol;!.:C A ) _ "i i T [.[._ ( _;$5) ,,
ASOL. K,r>( P,;OIIC C_/,,__',2 ) _ P C C,L,I{p ( I_OliE C,,',, +iR ) _ :,,l.;P ( I_RP ) _F'I',._JAv(.. ( I<.tR;"' i ©

NCIIAf: ( 24', ) _ OI_GCR5 { HOIi_.C:A ) t ,',.'f C i; 5 ( l.J0_;_](7/,} ! _I;A ( ,_:_ ,T'_) _ l't, O5 { 2 } ,
PAFS ( 2 ) t t'l,O ( 2 _2 I l AY OUT I ( l-!Ct;iE q..[, ) i P'I" O{J'l" I ( II E'/I{';E,", ) t

.. .).RltI(3_,,:c2I,:CI (<¢._,._.-"_21

EQUI VALE/.ICK {P{381391 _TOUT) _ (PlgT_391 _TIOUT) i

IA_OUTO_ASOI. KP(! _301) o(PTOUTO_PSOt. KP(! _3B|)

{ATOLITI =_,50LICp( I _37| ) _.(r, TOUTI ;PsOLKP(I _37) )

N AI-;EL I STIRUICS/I_RUNS

NAIIKI. ! 5"_ IIIIPUTII!Ff',_I]C_OIICAIIi!_O;;C:.I_X_f;OIICf,_TI;II!_TIi:,;i:.PT_.

TCECO _r;ll:l)_E : TtI_SI._C! _T_SI",/.,_f'L!,_,TA_ASO_L'._FeCI _51:! c/;P_

p V C[) i p \.'C E : p VC Ttl i I'-'V C Ci. _ P VC vc...._.P '_'C'r f r" v c <.;It c, , :'.1. r t; ,',_ l._,F.r :, :

KOCTF _!: 0C2:, :l; I Eof : I; CICt,'l-' _ ICSI. t_L _ t:.r.,l.r.o _ I i,!P i;iJ'l _.! l:r;r_ L 7 _ i;Z f',r!'l

NAII[:I,IS"f IC_'I:.:/ C_;;(

NAIIEI,I. ST /OLITPU'I'/IIO_ll," II.;TO_tlTF_p[,OS_I"[,F5_

RIIOIC[;O_C_.,,. _,
,> V'; I'VCA r'vOI;GAtZETAilIP_I_ITo_II'IF_IICOilr:Q_,I.A_Vt,O_ _ _ 'CSA

GAIN CONSTANTS OF TIIE BEI.LCOIiH TRAt, SFER FUIIC_IOI.JS =¢0

D 114El'IS101_ D CI-iS.'K(3 ©2 i2 )I .__ ODE3 iR _,3000315 i"'i256265i12 i

t 2376 i E3 t "_, 36589(*93 I _ 8_ 3_;732 t} ©
• i160E3 = 2 i 3OP. O3 ! 5 i" i 256265q2 i

123761 K3 e='o 36589693 i _ Oq311732ql

C
C CONSTANTS USeD T-O cOMPUTE DEL.LCOIIll TR;Ct"SFER FUI,!CTIOI'!



23

C
C

C
C

C
C

C

C

C

B

, t

@

COEFF I C IEI._T.';_ _ •

DII:Z

7B_2

ll,V

11o?

.237

75Q3

11,9

11,9

11+9

11++

•237

DATA

1 HL. _,

It•Y,

DAY/;

. . _ ltl[;i_llC-r ltID_ 1117: ltt,r:_ !t_(;r ltlflt |tlI : IH'-ll !t-II'+

I fin I I tlf.l t l t;0 i, I liP:' I | t}(] r _ IiF_ f I I_,-_", ] ItY i l t-;LI I I IIV I Itlt'<' t I ti){

IHT./

TIYI+E/+PIOI + t i D;7I 0._ + I Ip_';O t _ : i D,",_O ! + i iPIO0+ I + tJ'., I O0 _' ,

t1-'000 i I i O;;O00; I _PIFI i i ibClPl + t c I"2F I i t i {)'L " C. A, i _ l

t 1'3r: I : _ e [i'.: :' 71 e _ t r_ 1FO : ,__ D ;'.',_ro + :. + F-P:F:C__ _ * l_..:?P (! -" o

i_+;.,,':O: _c[ _ ;i'(:- :_i'i:i_ _', _' ; C _',:'Ii'i, ce_"iC'C :'_

lill_ CALL 1"0 CtlLIF._,V

BET_'./F.EI_ SUCCF. S_IVE

.+ + '' i; - I

i_'.l:+'+ + +X+/c ;"P'.iT: c c"i'+: + e+'++_¢. + • . ,.,- ,, , i +'i ++. + t'l'r+., ,.+.i........ : (,

t TI"O I + i _ "l'FI' I c' + i '1_:(J (i P I f "l' [: [" 0 ¢ ]

F_VF. rlI"B A f;El'iIl;t) it_C. 0,:' "lllE F'I. O7 TAP_:

I':;(ECuTIOI_S Of: i'I:F I_F,>oCNAt;_

CALl. CltA!_V{ I t[7)
CALl+ CAIII_,AV(935}

GRAVITATIONAL. COI_!STANT I©l,

Gr+.?,O6 , fl l_!/SECoo2

RDY[TD6 ;' l,_CI _ I? _ l _i 1.,,c o27

T_';Of"l_;'_or.3,. . ,>1_)15r:27.

P,E t,[_ (q r F,/t'+ c

; IP_ lil'/ t(-

f,'Et, b (r, r II:r'uY i

I P I "fCECO _ C'i ,, l 2'5 _ 6 } ¢0 TO 2 '-S{_.

DETERIIIf,IC rTIilCl; TRAP.,_SF_R FUI'ICTIONS ,"+....f._: 1"0 [!.E tt_ZD_

IF(KBCIFeEO_OIGO TO il

DO 3 Jl_ll_

O0 3 I"1 i2

DO 3 K_II2

SK(Jil _ICi_OCrlSKIOI!IK}

I)0 3 l,_ll&

¢(LIJt!iKIr;BCIIC(I-tJ_! tKl
GO $0 3rI



C

Q

't ¢1

C
3_

C

C

C

C

C

C

C
C

C

1
C
C
C

C

C
C

C

DO tiff Kr_Is2

SK(J._I_,K}.-:SI, I (J_I_K)

DO _iq Lnlr6

C(LcJD!_K)';CI(I-IJ_I_K)

_',nlY_: ,I0)

V_'RI TE (6, !t'PUT )

WRITE(6_CSK)

CALL ACCUt.12 (SLA,LA cVAO )

DETERrlINE TIIE NUHBER OF TIHE POINTS FOR _.',_IIICH SOLUTIONS Ak'E

DESIREDe

NTu ( T I"_/i ,'.',.,i II ! I,,I)/DYe. I c

CALL {LOCI,(

DO 2.5 l.r.JY,,l ,_'Y
T FLC_i'I'I'_;D T c ( I rjT ,._! ) <,Ttl I I'_

n. LOOF'2; TH;:OUCtl T!I.;E

fi C F..(: C_: 0

1E('l_i,£',;'l c[.FTc'*CLCC))ICC[{CO:L

O_'i'/,Z_ SUCi |.Oil L)t_FZ_ PUtI,'_ /,HfJ ;',',lli.i C)/.],', ("0!. CL!/;_Et,'( FLI,_;,'; T_IiE(.

CALl. D/;Ti_(II.'I.EIIT_/',ff.,O_h._:I:_tII.I_P{TI:_E_F'VCn:F'VCTII,PvCE

SA : r'v C.q/, )

KA IS THE ELk, STANCE OR STIFFRESS OF" GAS IU TIIE ACCUIiULI:I'O(_©

DO | Kn! _2

KA(| ©rl,;Sl',A(l ©K)opAOSIKI/IVAO( ! _K)oRI(O(! _I",))

KA (2 _I,):;5KA (2 ©K ),._PAFS (K )/ (VAO (2 _K )o[:II0(2._K ) )

O",2,'(L|N STF_UC'iU;_') DLTA [-OF_, "l'll[ c I"LXC"T "i'[tI[_

CALL STRCT? ("I ("[.Cil'i' t TCF.CL) o C'l;('.,'_ ; Z[:'i,'_ _I;P _lllO _IIiF _ l:C O,I;:TO. )

l CoU_!T.q il'.ffFI_,CeUFtlCIr.S FOR i'zllICl__OI.I)y_I,t'FF AF:[( Or',TAIr,!FD

FOP, -" ,I,,_S F"L_'C. Ill' I [lir_c,

I CFcS COUi;'__, I I_.'.: FKEn'_'" ' _':' 1)t.t_,C_l'S cor;fir'._,-O_.J Zl)C TO ZEI-',O PII'"E C/,IHS

DO 17 I,!O_;I_r!FRQNC El LO01"-'S "fdi_,otlr_ll FREQUENCIES

DDOHGt,_DOI_raA ( NO )

OIIE_,A ( | ) _Ol,;GAflN ( NO |

$Ut31 DEFINES TIIE COEFFICIENT l.IATF,I)i At,'6)_EYURNS NU/IERICAL SOL, UTIO[JS_

CALL 5U_|



f ,

,I,i,

-.25 -

C

C

C

• 2

C
C

C
5

C

C

C

C

C

C

C

6

c
C
C

C

7

C
C

C

C

C

C

C

02

C

C

83

IF(OtlCAt;Y,(HO),_-Ot_GI, Y,II(HO) _LTc. I o ........ ) !ND::I

SU,_:3 A.D gt_[:q S';Ot.:r SOLUT[OHS FOP, [-_*_[HTz;! c AND |"LOTl'_h'(:©

CALL SUDs;

I F ( I NDPHT _,EQ o 2) ¢;,LL SU83

IF INDull ALL SOLL!TIONS FtAVE g.t.-,-.,.._,rJ OSTAI/'ED FOR TItIS I-1IIE.

|FIIND=EQolIGO TO 17

RETAIN THE VALUE OF THE THRUST OUTPUT AND ITS AIIPLITUDEo

TOUTKP=_TOC'RIIT

AI;_KP_:AOS(I:OUTKP)

DOES Tt" L' r;_ R , ,.-,-r: TIlE ;IA2;Ii;Ui;?,_. U E D7 FREO.uEr_C_LS E;,C_.,.D

IFI]_;E_I;OI;EEA);O TO 16

I t: I ':' !

Or;ECA ( ! ) _:Or;EC_t, ( I " I ) <.[,DO_;_7/,,_ I t!!_O[;c:OH;_ I t:
I P;D O_;_'C)

HAVE /,!.L FL[:HU'?:I:c..tI:" F;2£-:_! CO;t::ZI_2_f:_:I_?

IF(OI;EC./i|I )¢>l.ioOtiG/,ll':lHOl<,_,_[-:,:t3 )GO "10 7

D/1EGA(I |r_OtlEAI-I;:II,_Oi
I t'_D = !

CALL SUB !

IF KSLCO=_: FIND OUT IF TIIERE I'tl_S [3E[-N A ZERO PIIASE CRC!,:'-;S|NGo

f-" I r )SO= CtIAr_GE THE FREQUe. NCY SYE SIZE AHD DETERIIIrqE Tile FREQUENCY
AT i'._FIICll IT OCCU,,.=:,'"_o

IF(KSLCOoEQeO)CO TO 2.

A ! I_I;P [:A ! 1,,; _, { i" 0 lll ;,:p )

IF ( A I i_er. _ I;KP ) 0 =202

RL TI:P,:;,'E.L[_ ( i'OUTI{F i

IFIF:.I.T_LT_O_AI_D_r:t.TI;F'_LT_.,Oo)CO TO ISS

IF(/;[_S(/:TOI-_RTIAI;Pl{I_'! c,) _[,T¢ ] _.E'+3)Ci0 TO C,3

D DO";GA_ oF:c:'DDOI;_A

I r.:o=:O

_0 i'O 6

IF(ATOPRToLI'_LeE','3)C,O TO 9

IFIADSIAIIPKP/ATOPRT'_I_IoGT_I._E":slCO TO 81

IF(ABS(RLTI,=LT_I©EO36oORoABSIfiLTKP)i, LT,=,I_E=*36|EO TO RI
IF(ABS(A_rl/RLTI_GT'_OBoOR_ABS(AII'IKPIRLTKPIoGT©oDB)EO To
Ol

C

9 ! CRS_ ! CRS+ 1

IF
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,b iw

|

C
C

C
91

C
92

C
73

C

13

C

C

I q
C

C

C
! Fb

C
C

C

C

C

16

17

C "
C
C

C

C
C

C

189

C

STORE

R E '.: :: ,

Or',F I X
T HE

PR I PY

|F ( AIII"A I H_C,P) 9! , 92 _ 9,'Z.

TIIF AI',PLII'UDZ (D[_) OF THE ZERO FII;'.C:E G/:IH AHD

OIIGCRSI ICf;S)c_OI;ZCA( ! )
A T C R'2,(I CRS )L:20 __ AI.,OG !0 (L'i"0 ['P,T )

GO TO 93

OI,IGCRS( ICRS)L_OIiEGA(I_I )

ATCRS ( l C.RS )'-'20,, oALOG I 0 ( AI'iPKP )

CALL SUDtl

IF( IK'DPNT_EQo2)C^LL SUB3

IFIII':P_,EQcl)GO TO !,7

I_I<.1

OHECL ( I ) _=OII[".G;, ( I'_! ) <'DDO;iC:A

IF(Oh[-CA(I)_LTeOI;C. AI;X(f_O),,IcE_'If:)EO TO 1:i

OIIEC;_ ( I ) _:OtiG/'..}IX ( I.;0 )
I taD:: I

CALl. SUB !

D[)OI;CL':DO;iC/, I,l;O )

15 USED I00L'TAIt4

OP, ZcilIlf, l. ST[Ci" S12:.[-:_

t;I2.[:: it: !'('. l;!Ii !LI, V/.i.Lr::

TIIE I';I_XT I. ARCES'_ FI.[-O,U[::I_CY

OIIF!;;z:AHOD(Or;F. Ct.(I ) :DDOIIC.'L)

| 14D 0 li_'_ !
60 10 2

fIRITE(6_RO)

I NDr;O

THE FREQU2:hCYo

CONCI_U[.IIT TO

ZE

I'JR ! TE ( 6 r 30 ) TFL.GIIi'

fir ! TE ( _',_ OUTPU Y )

f._,qII_["-( 6 _ qO )

IFIICR_;cEQo

RO PIILSE CR

IFIICRS_Eqe

ICf_S 02:: I CRS

DO 18 d:_Iil

JPI_JoICRSO

WRITEI6_BO)

IF/ICRS02o2

WRITE(6ollO

O)GO TO (}9_22)_I11[)l'14T

OSS_I_GS_

llCO TO [C9

t2

CRSO3

2

((OIIGCRSIJJ)_ATCRSIJJ))_dJ_J_JPI_ICRS02)

oEQ_ICRSIGO TO (19_221_INDPI4T

)OI16CRSIICRS)_ATCRSIICRSI

GO TO (19,22)_I.NDPNT



8 •

C

C

19

21

C

C

C

22

23

2 fl

2_

25B

256

l {1

20

30

_0

&O

70

8O

_0

PR I r,,T

PRINT

@

PR I NT

@

t-IAI'E

TilF:UST OUTPUTS¢

)'RITE(6_60)

OXr_/2

DO 21 ll_:!)JV

WRITE(6_TOI ((OI'IEEA/. t i':'J_':Odl vAYOUTI ( I I,:,d)',oJl

PTOUT I ( I I ,:.d;lOd) ©ATOUTC' ( ! I .:.,,.!;__:,dI =r'YOUTO (_'I .:.d:;_,_'))¢d;_oDt )
IFiJ,',tcLC'ioIii'_Ri'i['(,3cSOI((O;,:E,,(J) =ATOUTI(J) =PTOuT/(,J)

ATOUTO(j) ,PTOUTO(JI ! DJ_;JXX = I )

GO TO 2..33

ALL SOL.UTI n"c_,,,.,OF THE SYSTEHo

DO 23 OQul©lO

JX:_ (,J_'-'I.Ic q,_!

,JXX);;i! l,:O (,!X<'3

WRITE(6_90) (T

DO 23 II:-:1,1

I'_RITE(6_ 1[10)0

d

_30)

]t'L,E (d) ;J=:J×©JYZ)

li-_G/,( I I ) ) ( (A.'::OIo;CP( I I ;d ) _r'SO[,I'P ( I I =d 1 )

tJOX _dX_:. )

TRAI._,FER FUI,_.'flOH V/,LLI_'_;

DO 23fi II_'}.:;

f.:F.'.Ti F (_., !{=:_)O

J_39 _ fi 2 )

;12C;',(] I ) _ ( ('_;fl!;;((_ ! c,') :P,qO! KF{II _,_1 ) ;

N YC U I ,q'l' I'LOTS_

If:{

CAL

IL'DF>L.Y*[<C!(O}CO TO 25

L POGi_I,I'(TFL.EIIi'*RiOUYO_Ci'OUTO_I oi. tF,;RA_r!CIIAR_

)BEi.LCOIII_ POEO 2A _0 THRUST OUTPUT

t lIIAGII!AR¥ PART OF ToUT

)REAL PART OF TOUT

CALl. CI.OCK

CAt. I. EOFTV

GO i'0 2_._6

iJR I IF. (6 = ) 2fl) YCF.CO

CAI.I, EX]('(

t II

@@

,)

FORIIAT(!I;I )

FORI;Ai' ( Ill tel:
FORI_;.T(!Iil _ )T

FORIIAT(_IIOo I}_

|II )3)',_ e (I!Z) _

FOI:HAT ( _11 )F!

FORHAT( _14O:fi(

o lO)_)l_ll o2(3

OAliPkl TUDE P

FOF:I.IAT ( 1 It )OP

OP

FORI.IAT( I. II )6q

FORHAT ( !I;0 ;3X

UI;LEFc Of Ff:E()LIEI'CI[rS EXCEEDED (`)

I(:E OF Ft..!CIIY o(.c _79oF_. _ SECOI!DS_ }

_2( _FkEC:U{_I2CY_ o?;_: ;ZF.RO PI',/:S;[CGt',IN_ _,_F_;i)/

_ o5 )7}: _E Z6o8 _ lqY, _V I loS_TlC=El6oO)

IX=_FREQUENCY_=IB)I,_T|_ ,[9)',_)TOPRI'!T _ ,

Rot (IIZI _ _SX_

HASE ANGt, E AIIPLITUDE PHASE ANGLE))2_))

F|I eSt3_.'.)lPREll oc}t3Kv_P2E! | oq53,'<,

FI I _ 5 ®-')')C_ 1 P/_E l .!, _q =3", o IPRE I I o_}1

)IFRECUF. NCyI_I_,"_A6r3("3Y,_, _A6)Illl )6X_)(IIZI),



• _- - fU --

lOO

llO

120

q
C

C
C

C

101

102

103

I 0'I

C
C
C

C

C

30!

7y, etIi_AHPL!"_UDE PHASE AHGLE_D9X))

FO,_I;,',T(_tl ©q3X:FI_.S_TX_E!6c n)
FORHAT(IH _ _TC['ICCI=:_ _F I I _,3_

' IS N.OY COqS_Sy;_T V:_'ili CULhEI!T S'iAhDF|PE HEIGIIT ( )

SUBROUTIt_ES .oo

DF-FINE yklE'_,,L!LL,"F|CIt_r,IT KA'fRI;; AND 50LV/ THE 5YSYEH ,o_

SAVE VALUES 0(7 Tt;E A/IPloITU[;[_S AHD I:i;,',,SE

1HF- SYSYEI; ®e

SUBROUTINE SULk3

DO 301 Jc_1,36

ASOLKP ( I _J) :;/',lip(J l

PSOLKP(I _,.!)_:PtlSt, PG(J)ORDTODC

RETURN

ANCLES 0;" SO[.UTIOt_S OF

SAVE VAt.UE5 OF TIIL YI-_P,U,_:T OU;f'UTS /,rid TI!E ENC:II':[:: yF, L!:SI"LR

..£Ubt_ntl3"I/!E,,. .qU "('_,,

ASOLK, P{!_2,7I,':A/IP(3?)

PLOLI:['(I _37),'[It.£t;I_S(37)oRD'(ODG

ASOL. I'I;( [ _38)::ATOPR'I"

PSOLKP ( | _2,0 )-_'0 o

I F ( ASO!,K[" ( I _ :,:r; } _.GT o I o F."37 ) [,SOl.tip ( I _3_, ) r;AT AH2- (

A I II _RI,T ) cf:b'iODG
COyu (0Ill"6 A { I ) oT_'vOP I )c. oZ

DENOIIlt:AtlPI22,)oCOT

DENOI'I2=AIIP (25) °COT

ASOLKP( I _39):-:AHP(3 )/DEHOH!

ASOLKP(I _t}OI(;AHP(7 )/DEUOHZ

ASOLKP(I _I! )_AtlP( 13)IDENOII!

ASOt. KP ( i _ q2) :_AIIp ( I 9 )/DE['!OII2



4'

-C

C

C

SAVE

END

PSOLKP ( I _39) _ (PHSANG _ 3 ),,PII_ ANG (22 ) )c'F_,DTODG

PSOL, I'..F;(_t:.O},_(P_,ISf_t;O('I ) ,-_lIS,_ f.;G ( ? F; 1 } c_,"_D T 0 D G

FSOLKP { i c _; ! ) ;: ( P _',5,". t'_-.-( ) ..",) ,,;.' I: _;;'_.._!C( ,-":2 ) ) c,Y_[:;'_-r, D G

PSO! I;P( I _2)z'(_'ll[_t_,Jc_( l° )., • "[_I,._'_l,_c_(2f_))o;,'[)'i'Ot DG

FOR tIY_UIST PLOTS toe

RTOUTO(It,RL.T

CTOU_'J(!)_:AII.I

RETURN



- 30 -

P_FOR, S ]
C
C TITLE
C
C AUT_IOh:
C
C PAIL
C
C PURPOSL-
C
C
C
C CALL
C
C INPUT

C

C

C OUt PLIT
C
C
C
C
C
C
C
C
C
C

C

C

C
C

C
C

C

C

C
C
C
C
C
C
C
C
C

1
C

POGSIC, ACCU[','.2, . ACCLUA2

jl ; r-,ACCL Ic_

C,F. fBAI41CK

9-9...G8

SLJI-_PI_Y Tile rZA];.! PROr_,Rf,.i.', qP0502, 'd.'[TH Tt.I(. VAI.LIES OF
VAt{IA[21_[-S PE[",]-AII;):NG -iO Tile t_$CL, F,,IULATOP'-_ IN 1HE LOX
AND FUEL SUC:-IO[I LIt;ES,

CALL ACCUN2(HFA,L,V_)

THROUGH CALL L]SI ...
HFA HLIGIIT OF FLUID I!j THE ACCUqULATOR (IIH).

TflI_OUCII CAL_L t..!gr o,,,
L I-ttE Pi_O[)UCI OF "(tie ACCFI_E-I_,A'I'IOIJ OF GRAVIIY

AI_D "fl'Lr:"_ I[,.Et-_TAHCE OF FLUID :It'! THE ACCIIf.'Ui.ATOi,:
(Jo/IH) o

VA Vot_Ui.i[: OF GAS lI,l TI_E ACCIJS_UL_IOR (IN_:-;::3)_

EACIi OF Tt_E TItREE ARRAYS ABOVF IS DI;,,iKI,!S!OI,JL[_
2X2, TIlE FI_(S'I" SU[_SCi.',iPT IS FOR oXiDIZER_ FJEL
A_![) llig:STZCO:_:"; FO'-' II'.r.:O,'.i'.r); O_]'F[!C;,,,R[',_

SUI_ROLJ] INE ACCU_¢2(tlFAFL._VA)

REAL- 1.(2,2)

'_ :4 _)_VA(2_ )_' ' _ "))rtlr_)FACQ)_D(n)ID]r, IEr,,-,IC, H t4YA( :_ 2 :,t.(,_:_ ....

HEIGHT OF t:LUIq I14 IItE ACCL4,iULATOh_ (IH)
DATA tl/O,,1.7,3,92,U_13,8,Sbr12,95r14°l'_t_lS.22r19.-f7/

CROSS_.SECIIONAt_ AkEA OF ACCLIqULATOR AS A FUHCTION OF: t4EIGFIT
( I N,::,:_2)

DAIA .,",/.18o-fl, 100,,,1[1q,_,2.55, _289,,28q,, , 208 o , .!.26,., , 40,, 5/

G:586.4 g I h/SEC _.-:_'2

L. IS "ffi!L IR]f-:Ot_f,.[ OF "[liF_ Rt.CIPR3CA!. OF lldE cr,:o%s,_SEcTI,OHAL ARE;,,
FF, OI,! O, 10 HFAo

VA IS T_tC Ii'.IIEGt,:AL OF Ttt,E Cf:OSS--SEC'IIOI41,'_ AREA FROH HFA TO TILE.
TOTAt. ACCUE,",UiA fOR IlL: I G_ll.

t4El_lOL) .,. SI[7,PL.E SUqF'ATIOId OF TR/,PcZOIDAL AREAS

DO 1 I:I,9

B(1):!./A(I)

DO 8 K:I,2
DO 8 IOF:I,2

DO 2 II:2,9

I:II
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2
C

5

C

4
C
5

C

C

6

8
C

Ei;[)

IF(I_VA(IOF,K).I[,_I(II))roo TO 3

COROT IHUL

SLP= ( A ( I
A_I( IOF _:
VA ( I OV ,K
If- ( I . EQ,

)-'A(I--I))/CHCI)-44(I-I))
) :SLP;: (i 17A ( IOF _i< )'ql ( i-'] ) )':A ( I-l )
)-, 5_:(IL(I)--IIFA (IOF P14)):::(A( I)4 AIJ{lOF ,K ))

9)GO TO 5

DU l; I?-I_E5

VA (IOF,F,) =VA (IOF,K) +. 5* (H (II+l)-I-I( II ))_._(A (I I )+A (I l+t) )

SL.P: (,cj( 1 )_E ( I-1 ) )/(li( I ) -I.t ( I-1 ) )
Y:SLP, C_FA ( IOF, K)-qI(I-l) ) +8(I--1)

L ( IOF, K) :. 5. (IqFA ( IOF, K}-H (I-l) )_ (B(I-1)+Y)
IF(I,E_)o2)GO TO 8

I t42= I "'2
DO 6 II-J,Ii..2
L(]OF,K)::I.(IO.C:fi:) 1.5_: -'(l{(II4l)'_}i(II))_, CPCII)-:_:(Ii41))
C O;'4l I ;'4l._[_

REIURN

.............................. : ................................................... __. -__ _L.2 " "



.... 32 -

_IFOP, ,S I

C
C TITLE

C

C AUTIiOR

C
C SPOhSOR

C
C DATE

C

C PURPOSE

C

C

C NETHOD

£

C

C C/, L.L.

C

£
C I NPUT

C

C

(
C

C

C

C

C

C

C

C

C OUTPUT

C

C

C SUBROU'f I_.'E

¢ USED

I "

I

C

I

I

t

8

I

I

I

1

I

¢

C

C

POGS!CcDATt,: _DATA

DAiA

C©Fo BAt'l XCK

Ae To ACKEF.rIArl

9-6-,68

CALCULATP_S SATURN V SUCTIOI,,' LINE_ Pu_Po AIID TA_JK DATA

AS A FUf,,'CTIO,_J OF TlllEo

EVALUATION OF ANALYTICAL KXPRF.SSIONS t.,tJDLINEAR

INTERPOLATIOrJS Or.! E):ISTIr,YG D/',YAo

"' ,, _" D iI: E,pVCF..) PVCTil f;',.:CE"r'LcOCALL D/,'l':,('r|i,:;.:.-,.O_,,r :{-iU_ _ : . _ _ _F,-

A_PVCI:_IIO_IiFtliTo_IiTT_Pf.O_F,/.,Fq_F,.IIC!_C_',O:CC.F_V_Cr,C,;,.. . _PVCC_/,I

AO _ AF

K C E C0

15 TtiI_OUF._II 1'tIE CALL LIST oco

FLIC, I;Y TIr_ For: r!;i,C_t Tt;_ [_/',YA _':!LL D[.. CuI;,_'UTcP

( S['C )

f) U14[' lrlt, Ei" A[_f.A FOiC [:/_CII O;':IDIZER AI!D FUFL

L. Ih'[_ (II_:'oZ}c, "ill.:."';." ;,,_: Cf, I.I,ED :,SCJ Al.zP /.,_;;:

Irl "ill[:l:.'.:tlliLf) :;;:; {i>()::O::':c

II" I:CLC(,: U_ "II::3 C!.I::'(::I} F.r'c_I:".._ I '_.., CL!T oFI

O'il::_[_',I_ ::.: l:,r:E:'_(_'i _ Tl:,_: V,'_ U:- 0[" F,C?/CO Z:
DE/'E-f_I_II_:LD ll' _'F'C;.:O,'-: _ o

FO[_ A DF.BCi,_!PYIOi • O..f,l.l. 0]t _1: lf.'.['UY V/,ICI/,_,L[:S,

SEE _pOGO_; _.

ALL. OUT?LIT IS I"t_P, OL!CI_ TIIE: CL!.I, {.I._1",; SZi-,;_iC,CC,;:_ [:0;:

A D_SCI_[F'i IO;; OF At.L OLITf"LI'|" V/,P,IA ,"c

TABL. EE) PERF'Or'IIS A LINEAR It_TEP, POLATIOhlo

• PVCESUBROUT II:[: DATA (T IIiE _ AC) _AF _PLI _D _ Ttl _E ©PVCD _PVCTII _

K C.F..C0 _ L _PVCA _ [_0 _ IIF _11"10 _ t;YF _PAO_ _ PAI:S _ £I:0 _CK:O _ C_F _ V

CF_SA_F'VC <,.,,:'}

RFºAl. riO(*) tl;::(2} _/','fO(2) _,tIYF(;t) cl.t,/IS_,'T _r;[! 67) rl;!:.

D_,li[-:t:::_(:_: /,0{2} _,',i"{._:.,_;.A('e?} :[_(C:Z} ,Yli(_' _2) cF:{L,_?) -¢(2) ,

F,'I;OI? _2) :r';.05 (2) i;-:.OT (?.) cr,/,[,.'"(2 )oF'AFT(?.)_r.[;o(z; :CI:7 (2)

V(6_2) {El'(( {2} cS/,{./ ;.2) _'i'i{;iI.'::(,_,) _,Di:C:V'I'_(6) _.'t'11;',£;;(:"} (.

LXI_._:VY (2) _r'L.Ii,_;V'_ (2.1

IlTOVVL ( I ? ) _VOl. O_t':( !7 ) _li'i'["VV L ( !r_) _.VOt. FHY ' I_.} _C!T {;:1

_', r'O: " F ' :' "l"I'"l" 0 ;q ( :- t_ ) _C:;O\'i'C_( Z0 }OPOSV'I" _,'. ,) _,'i'0 ( ::, I _ ['0['_"1" { :'-'' } r

PO_;CI30(I.[)} _C(_FIvF(5) _C[;FC,Vi'(:;) {F_ (_(,) _.F2(I(.) _F2.( 1(;1

POSCE;F (:;)

ARE(IC) r.5OSVTP(,_,) oTI4F50S(6) _O;:TpVY( IO| _Tl"El1_'(IO) I

TAVTI'IP([S} _AVYPvT(18} _PVCE(_©2_2) _PVCTII(2_2_2)

PVCAI2_2_2} ,PVCSA(R_2_21 _PVCD(R,2_2}

E(_U I V AI.EF,JCE ( T/-1F'SOS ( | ) _ TPDt4£ ( l ) )

TEHpERAyUP, F. USED TO COl;r'Uy r- l.OX DEI_SITY (O.EEFCz::ES RAI'JKII'-_E)

DATA TP[:iJSlS(,_t._3oSol:,_©_16q_5_165_16f"oS/

....... LL_L._L_:_L.L:L_............ - ..................



C

£

C
C

C

C

C

C

C

C

C

C

C

C

C
C

C

C

C

C

L,,,', , U (L_lF'rc: )LOX DENSITY VS TEll, _'>''' RE '>3
DATA DNSVT'_I_7I, _, , _...."2,,7!.. c.I_'o7'._07'c'7{-]_99_70_911

"lIME USED TO CO;;_;LI'i',"-" li.'_.c_,S (SAC)

DAft', TtiLS3/O_cl2f'._E©lr."._o/

t.O/, ll^cq,,J. V.q Tlr;E (t, Ds)
D:iA t X ''_v v3 "70 E_ "'i _:E/, . _,J,T/3060©.. _ , o _ _-

FUEL NASS VS T|HE [LBS)

DATA FLI4SVTII3?,BoE3)2ZSaE3i9I,E3/
J

TIHE USED TO COMPUTE AVERAGE TEHPERLTURE OF TIlE LOX (SAC)

DA'_A TAVYtqP/17o)O,,llOoi20ei30e)qO_i50o)60))70©)SO*)90oi

LOX A V Ell A (:,E T E l.il. E f, I,T U R [:.

DAIL AViF'VT/I 7c,

,'295_ 130'"29qo90

LO_, l_fT, V, ' I-°l,_._H'f _ VOL. ll _. { _N)

3fiO _ :, : Of!, _ : ..".(!_ t , _(! e :, 77r! : : 7qO :. t 7,: f]: / C!_t!

i,f-VO[.lJ,,_ "(0 Cr);;:'l"l! : I.O.,L l',::i. Cll'." (_ti':'_"3)
DL'iL VOL. C'i;'t/_/:_'_(_otEOg:':;_ =::},'_';',:i0_ _t22.';_"liT_2LfikTt)<':'_ _

qfi62603_ _6583_ !3e t 12L27365_ _ _8('27fV:i_.1307!2,;_9_ ©
67263 I I 3 ¢ _ 73337 fig7 ¢, _ 7 g 6 q f_:','}'.'. c. : ec)22Oe; I 9 o _ 8 ! ? l g9 _ 5 _
e IC,D [I5 [.l';'_'I I3| Hoc, 3

FUEL IJEICIIT V5 V(')I,U;iE (It!}

DATA I.ITi:VVLI_q_ i0o ©fOe _20o lqO_ t60o ©80o)100_)_-r"{.!_ _2uOo o

350o)q00_ _qSO_ or, OOo)r,l, Ool Ol N

VOLUHE TO COHPUTE FUEl. )IE_GI.IT (IUoc2,)

DATA VOt.Flli"llq(, _0_ _qo _I _9673o _lO).709Oo)RqOE'_65o tq195790©

62796 f;.A ¢ t I ?. ! fiDq p.9 o ) I C:I "Ie, 9 _._? ¢. t, 36272.{'4ti C)e t q22"1506", e o

qTq990?Vo _ r,O q ?,,_;;, ,".'", _, _ r. 0-"0"336 c, / D 1 l!()c>,: ';

T C)T A I. L.OX r, UI;P II{t. EY FRE_f_llf::[" VS "i'}:li!_ (iuS.T",)

D/;l/; C)_'O[L_'I'/2_ ; t77c _(*:(_C(..".f.O,_ e tqz}_.r,_(:_ er"t'['.:r,;_ , _9,_© Cr,:_o t_'_._._j,i

I?.U_, t!?!(.S_12.0eSrc,[}c./

T I I.;E i0 CO;.;['LIYI:: LOX I"U;:i-' INLET Pf;ES::U,'2[: (SEC)

DATA TOF-OS/.:._. :Do _2e t, lOt _20_._20o rzi('!_._,L,O_ _.r,F,o_./.,[_rt.5_. t
' ",n _fil'l _,;r, luC, c,_70_r80_ _c_O_IDO .lfiD l_S r, _2 ........¢ C , # tJ D ,... C. _ ¢ _ _.-" C {, , '_ I _ l '

150_._151_./

TOTAL FUEL PUHP II_'LI",'T PRZSSUi;E VS Tl'l'iE (P,qlA)
ql_8 q3 2 q2c25 q2,leqZeTBcZ12e70)q2©-SO)DATA FPOSVI"I23_) _ o _ ,

_I?..e 2.r), _,3 e 3 o iI 3 o 7 ,qq©? )fiqc7 ,qqo9 ,tl.r>,.G)q6,q )q6o6 )q6©7 ,

tll©6rq! e7,ql egeq!©blZlO_6®qOo/ .

T I t'lE 1"0 COHPUTE FU[:L, F'UI.IP INLET PRESSL!RF (SEC)

DA'I'A TFPOS123o)Oo _2oor,_ _lOo_?,Oc ,30¢ :v, Oe_50c _60o o70_ _egl© .

,. , , _ ........ r--),N-_-')"-



C

C

C

C

C

C

C

C

C
C

C
C

C

C

£

q

C
C

C

TOTAL

-- 34 -

PI,_,:.',';SIJ?_Z TO CO_iF'U'([] [_L!,_S!.,_ C ""',,,_r_t,_',"- (F'SiL)

Ogi-A PO"" " . "..C<,O/7otT<r.io_80oigOo _lDOo,1 lrio t120oi1300 ©IqOo tlr'o_/

DATA po"r .*-" q 6 q ..... ,r,_. /

b I'_ rBUuuI. E C07;7'1.7tf!C[! V"; P_2.c;fTLi N_- ( IiIo':_.}

DATA Ct_OVt'l_3/9 _ t i t 6 I e i II I_o I t e [)_ t °07 I c'O(I I ©0_ i _ D zl 'it I

103q/

DA'fA CBl"IVP)qe ll_'l_lO0(lOil_Oi_6111101} tI/

DATA C_]F"0 VP ll;'i I o063[' I o060 i e_,,_Gi i0"_651

REYNOLDS NUIIBERS USED TO COHPUTE FR_CTIoN FACTOF,'S

DATA ARrr/l.r, oi2_ECl_ ,_E o..S E ; ,#l_ES"2_Er'_qoEBi6_E5_

FRICTIOn: FACTOF:S FOR 20 lr!Ctl DIt, I:ETP';R

DAT/, f" l / 1 r!.o _ o rl2LO I _ 022B _ oOZOr-' _ c O I ?l_ i _ 0 190 i oO 170 I c {_ r_'o _

IO 1 +'0 _ _ 01 ,",L _ o 0 I 30 _ 012Cl c,_ 01 l O i _.'q I iL_, ' . i_ O_'lq I_ OIIDt

FR I CT IOH .... i" '" RFACIO,,;, FOP, 17 IrlCI', DIL ._'.'tE

DATA F2/!!-_c _oD26n_clG::'_.F'_O20&_-_D|VCl_Ol?_l_O'_TB_cOiF'fll

®Olt;" F_:,,,rl 01 ";r- ,tG.t_r "_ ,._ e _ll °c,cO! I r`/:_,_c ., :¢ :{ _l'i! c_C':,! ! c

f" IG.I C'l" I 0i! , -. ," C! -. ( - _-_r.i ,,. l'Or_ l "> ltl_-",ll [!_ ...... i'

{J,','i /, I ;"/_-5¢ c _,0,";7 _ ,'f_:,q _ :[!;::;': c :()":1{": '<['7,(;:-_ rOl#f:,_ c r-!{}'L

_0!72_ cl3_&':;_ _.CJ_.70_ _016_,_o0163c._'c,'.{J16/

LOX SPEED OF SOlliID VS _EIIPZr, AYUf'Z (I,"flSL;C)

DATA SOSVTP/.r)_2, _, o_ .... r_<: c

LOX "i'[._III'ERA'fLIrC_. VS Ttl;E (DEGREE:'; FAIIF;EIItIP.!'()
DATA OXTPV'flgi _<>2,n6_qi,'-'2_'_,o_'{]O"2_/'e31=296o2_l"2c.'6_21

"296 o i'"2?B _ 6 ..'_29B c, _"'29q o 6/

..... __ S ETIHE FOP, LOv, TEI4F'ERAIU,,m { CI

DATA TTEIIP/?o IClc. _BOe _60© oTrl_ i_l)_ _ 100_ : 120© _ l qO_ i 151 _/

PIr;3c l"I.1;' ,_;F:7

G .3(, c , t:O Ir_/.qF-Cc,¢,?

t.... I',OF E/,C:' r_C_iF'tl'l' O,,c' TI;<_]CAI,CUI. t;'rE "fll _'" CRF j<,'_', r;RC'I'IOI'!+_'I, " ':

SUCTIOL'. LillE.<; /,ftl:_ *itl[] I-'VC{S (ll:c>oZl

i.

DO ii IC'_'!_2

DO 5 lr:l _6

A( ! tl_ }_'c 20ol>I 0[')¢ IiK ) co2

O0 q I<;1 ©_.

DO li JcIl t_
PVCA( I iO_Kl_25oPlc'PVCO(l id©IC)Oo2

FUEL PUI.IP IIJLET TEI4PERAi'URE IDEGREES I7,AHKIk'P.)

FT EIIPI_E, 3 q I

C

C CALCULATE YIIE I;EIGI.IT DEt,'SITY OF YIIE FUEL (LDSIINee3)



_r

5_

C

C

C

l
C

2

C
C

C
3

C ,

C

C
C

C

RHO (2 _ ! }:;(52.._ ",_, c-O_-, : c, { F i'EilP"_',_O e | ) / 172C,

RHO(2e?Ir;P,f;O(2t! )

LOX AVERAGE YEilP"- ..... _

OXt, VTF':_T L_3L.E[! , (AvTPVT l'I f, V'fi:i" _'f IM'.'. } +';_.,Fic

. D<.,,SITY (I.O,/ll'oc_}LOX AVEP, AGE - _' .,

RHOO,',V"I" &GLEL; [ ONE VTt > I ]POf{5 _ OXA_, ' "fP ) / !728 e

CALCULATE THE PROPELLANT i'_EIGHT PER UNIT LEN_.TIt

DO ! I=I12

HOIII,_RHOOAVoAO(I)

FIFII)_RHOI2_I)cAF(1)

(LBS/IN)

IFIT

DO 2

IF{TIIIE_LEeYI},'.SS(1))C,O TO 3

CONy I f,; U F.

IH!C_t.'fcT[_t,S£(1}cOIRcTtf:f-'_C, Tc'fllA<'g(.,. _ .,..

1:;213

,'_hD VUfcL I;f;S<jES (LDS)LINEAl, > INTEP, F'O{.AT[C I,OR LOS , t

3))C0 TO

CO;!: [i;i;;.,'_ ...... .,;(!i_ t.) )Ii>'¢

OXti:JCOi:olL,%ti_:Vi{ t ! !<,[.% ',. _......... -.,,Y(It<'I) i+L..,,.,,'f[ll"!i
f" I'-P IIfLl.tnCOi_olPLri:.,V"f( I ! )'>[:l .... ,Tl I 1"1 ) }':'FLI;TV<f{ ! I <_l )

DETEP, I;Ir_E LO;', Ar-:D FLiE[. vOI.U[;_S IIl'oc3)

VO_IO',_",<'"}O?II_I/F,'IIOOAV
VFu ( P L 11<:'20.'., 0 ? _ }/PHO ( 2. _ I )

DETERI'.IINF. LOX IIEIGHT_

HTO X _;Y,_.DI.E _, I I'ITOV VL, VOLOIIT _VO I

. - F>,E . i" CCE ' ""DZ.Z'i'ERtlfI4V. pNr""'r'u_...,., FC'IZ II I'i" t, !._=.f.:,",i lO[_ LT _'Af!i.; E.fl<f<i'Oii5
5EC oo2/I He:.o2 )

IITO ( 2 )::ItTOx _: ,'-_1; C-!0,', 1,#/ G

ttT O)',_"tlT 0 X-,C: ! c 6

1,11"O(1,):-:tITOXorTI_OO,'_V/G

ItYF ( I ) < T A?.l.E{; ( ,'I'i l" V Vl_ i; VOLI:tlT ,..V7 ) c.RI-IO ( ::: _:I t/0.

HiP ( 2 ) _.:Ii'I'V ( ! }

DF-TERM|NE THE FL, O_'.,' RATES (I,[$_/SEC)

DENON_q_KCE

@I{l)_o5O(LX

QTIZI_5O(FL

CO

Ii,_Vy I I I ° I } ,"b XI1SVT ( I I } } / ( DT OD P-.hlOli )

IISVy I I I'->1 ! _Pl, flSVi ( I'I I II / ( DTeDP, I,tOrl )

C
C CALCULATE Tile TOTAL PUMp Ir_LET PRESSURE (PSIAI

C

15

( l.f',5 o



36

.

C

C

C

C

C

&

7

C

C

C

C

C

C

8

C

9

C

10

C
C

C

II

PAOT ( I ) -T A F,LEB ( oPOSVT _ TOPOS _ T 1111_ )

PAOT ( 2 ) :;P;,O T ( I ) .2_

P/:i-'l" ( _ ) "_'t,'.C[.FLL; (FFOSVT _ TI'PO5 : ","I t;_ }

PAFT(2)=,PAF.T(I )_.2o5

CALCULATE "fl-IE BUE_DLE COI4PLIA/._C[Z Of TI-IF. FLUID5

CBO (l } ,: 1 A!_,I..E b ( CSOVPS o POs C,r;O _ f'AOT ( I } )

C130'2} ";';,rJL. E[_{C[:OVi'_-_,_'(_SCI30:,_';',£";(2))

CBF ( ! ) t:Tf,_'.LE[3 (CDi _ I VP _ POSCP, F _Pt.FT ( I ) )

CBF (2)_,TADLEB (CBFOVP _POSCBF oPAFT (2) )

DETERI,IINE STATIC PRESSURE FROI.i TOTAL PRESSUP, E

( Ir:..>e2 )

P/',OS ( I ) _=PAOT ( ! ).. ! 0

PAOS ( 2. ) r:i" L 0"i" ( 2 ),. _ O

P AF.C_{ 2 ) _'P A f:"i' ( 2 ) -3

DE T E [.'I1 ! l._E

0

1,,

R

LO,. TEC_I [-_'F;t,TLI,_E t_t._D D_._.,..,[YY (DEC[_Er"£ r.,[,/li:I,t[:._ Ll!s/

)_TFiI?t_i'L[,L,E{;(O,':TPVT _'rY[ziiFo'l'!t;E)<l;_,[)o

tiO ( I = ! ) t;T/-,Z![.EE; ([);!5 V'I'F' _ "t'i'; ()f._.£ _ 0;;'[ E''rJ,,_ } / _.72_;_

HO(! =2)_'hl',Oll=t)

DO 7 l( _: | _2

DO 6 l"l=E,

V| I CK)=;O.T(I )/(RIIC_(! =I:)e;',(Z oK) )

V (6 _t")-_:Q"i( 2 )I (F-.I-I0 (2 _K }c[;(c,=IC) )

DETEP, Iilt_[: "fli[:i FF,_C'I'IOi','/:L CO[Ii-'I:IC_E([.,"i' OF Ef_CI: S['CI;EI'!T

DO 11 In1_6

DO II K_I=2

,o© CP,LCt)L./,'i'E TIlE i;t".Yl10[.[_S t4UI_[)[£P. CC,[C[.E_f:OI:[)It.'C "1"0 I"1'I", ._

REr,_}_r.,Q'l"( !J } / (I';U( _J )<:F',_(:D ( _.oIc} )

_o DE'i'KF_fl]t_..": ltIE I.[;_C'i'l(,t; Ft_Ci"Or.! 0;: TI;E 5[..'(_l;Et!'l

C0 TO I I

F _:,Tf. F;L f;-f_,( F2 c ARE _ EE )

GO TO I I

F_TABLEB(F3©ARE.RE}

• ,, FRICTIOR COEFFICIENT

CFIIII:I"F/IDII _KIoG)

CF(3_ 1 )_:CF(3oI I<,eOS/3_6oz_

S_ ,,E ',-_,1 ; t. I, I



JI

C

C

C

C

C

13

CFI3j2)_CF(3_2).>_OS/_86=Ii

DET .... I_ r. ,_E,.I,! _ Tl: _ S_EED 02 SOL!_:D IrJ Tt; _ LO% I_HD FU_L (IL/S_.r)

- r q, p ,"C(I)::I2ocT_[_LEC,(.,O.._'_ ,Tt;PSO;)_O ''-'_ "p

C (2 }_':'O2 _c,FT Fi,'+96 !C;C)c

DETERI.I!r,,,-'" "(tie V!,_.VE sPEEDS II,! Et_Cll s_CTIoI'I... OF THE LOX AND FL_ I,,.

LINE.q _,_D It: ':_,[ [:'VC;S (IN/SIC)

DO 1_t K_112

DO lq Ial 12

KKnC(I)oc;2C-'RtlO(I _KI/E

dd=l<'q°{l"l} l_JJul D6

JJJ" I +q gJdJ_;B , 6

DO 13 J-_dJ©dJJ

5/_,(JeK)':C( I )/SO,_,I (I c . K)cIc, I',/iTli(,.I_K)oEIJ©I'_) ) )

DO 1

PVCS

PVCE

CONT
RETU

q d L_! _2

t,ld_l _:I)'C(I )/SO.["If Ie':'-VCD(J_ I =K)oKIC/(PVCTiiIJ© ! ©K)c"

(Jcl _K))) "

I I,'U L

RH

RETUP, I:

20 FORI;f,'I-I|fI ,¢T_liDz'_,Fr'._3_ i IS OUTSZflE TIIF. Rt;NC_.E_)

Et'D



_FORrbl
C
C
C
C

C •

C
C
C
C
C
C
C
C
C
C
C
C
C
C
¢
C
C
C
C
C
C
C
C
C
¢
C
C
C
C
C
C
C
C

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

POGSIC.POGPLTt.POGPLr

/

TO USE--

CALL POGPLT(TFL(AIT,.x_Y,NPrI,IrJFI,IL)gfNCIIARN_NC_t/i, Rgr'rOVERfNX,XL-'XR
NY, yl_r-yu, TOPTTL,SIUTTL, 9,OTTTL)

WHERE-

TFLG;il : FL. IGI_T TIME- WHICh{ ,,,'ILL APPEAR ON TI_E PLOT
X - THE X-A[_RAY OF VALUES (ORDERED)

Y = THE Y-ARRAY OF VALUES

NP - NUMBER OF (X,Y) VALUES

ND - DENS!"rY OF POINTS TO &F PLOTTED !,VITI,-t DOTS
IF ND=L_t EVERY "rIIIRD P')IHT V/II.L BE PLOTTF_D

NDD - DCHSITY OF POINTS TO ,BE PLOTTED _,VI]'l,t C}'IAt.(At:L .,-,
li',i T_I[--NCIIAR ARRAY

_,HED _,:uST _.JE A ,(]LI lPLE OF ND

I',ICItAR;I - hU;-iBER OF ELEF_[NTS IN THE ARR/_Y I",IClIAR

NCt iAP, . _r_ "" I __, , [, f ,_1 OF ClIL!I.,',.CTE')S TO r;c. ['[_O'l-'lr-D

NOVER -. IF I_OVEP,:::.I.r A [,IEV/ FRAU[: IS P[.OTTEP
- IF I,IOVER-2, Ar,I OVtI.RLAY OF Tile PREVtOLIS F t,.'/,,t,;E ]:S

PRODUCE[.) (IF HOVER IS 2, "I'I-:AH NOI_E OF TFIE
FOLLOWING ARGU!4ENTS NEE-r) F.[: INCLUDED)

NX = IF fiX-l, TIlE PpOGRAP4 ,','II_.!._ USE XMIt! AND XI,'AX TO
SCALE TI,IE A:3ScISSA

IF IqX-.2, THE PROGRAM WILL SEARCH ]'FIE X-ARI_AY FOR
THE I4INIHUM A!jD MAXIMUM VALUES

XL

XR

- VALUE "ro BE t:SSIGNED TO THE LEFT--I-IANt'3 SIDE OF THE
GRIDIABSCISSA) (IF ilX:2, THIS IS A DU,u;4Y)

- VALUE TO BE ASSIGNED TO THE RIGF,T-.HAt.ID SiDE OF.l-lIE
GRIDiABSCISS_.) (IF NX_.:2, "rt4IS IS A DU'_T,IY)

14Y - IF NY::I, pROGf_;_'I _,,rlILL uSF Y_4III A_ID Yr.!f,.\! TO £CLLE ltlE
ABSC I 5SA,

IF NY::2, PROGI<A u _,,I1._1. SEARCH THE Y--AP, RAY FOR Tt4E
MINIVU,V AIID I.I,,,XI,.IUr/, VALUES,,

YL -- '_AI_LJF TO DE ASS!OHED TO [ OV,'ER BOU_!D OF- GRTD
(OI_,L_INATE) (]F NY::2, THIS 15 A I:_,U!,IMY)

YU - VALUE lO BE ASSIGNED TO Ti4E UPPER BO_JND OF TttE
GRID (ORDINATE) (IF flY=2, TI_IS IS A OUMI,4Y)

TOPTTL - A q.8 CHARACTER LABEL TO BE DISPLAYED AT THE ToP
THE GRAPH.

SIDTTL - A qS-CH, ARACTER LABEL TO RE DISPLAYFD ALONG T_IE



C
C
C
C
C

C-
C
C
C

C
C
C
C
C
C
C

C
C

C
C
C
C
C
C
C
C

C
C
C
C
C

C

C

C

C
C
C

I0
C

C

C

4o
C

C

ORuINATE AXIS

BOTTFL - A qS-CttARACTER LABEL TO BE DiSPLAYr_D ALONG THL
A[;SCISSA,

IT IS AI_SO !'E-Cr--`-'_'r'__.:,._,,,.Y TIIAT A Cc_L.L TO 'CAHRAV' W]'T!I A D[I[-',I[._Y

ARGU>.:ENT ( CALL CAt,..'RAV(955) )
bE MADE PP,IOR TO PLOTTItJG A SERIES OF GRAPHS, A_ID /_

CALL TO 'EOF]'V, BE :4P,DE AFTER TIIE PLOTTING HAS BE:EI_

COVPLL i Lr),,

THE PROGRAM USES A SUBROUTIIIE (RETURN) TIIAT ALLOWS THE USER TO
StIORTEN HIS CALLII_G SEQUENCE ON OVERLAYS. THIS ROUTINE IS
AVAILABLE ON SWI-",K., (UIJDER "IHE flAME FOR5AL/CODE)

TAPE REOUIREt._EHTS (FOR UI,;IVAC EXEC II.)

(1) $SCPLT f.'.USlBE ,_,ROUL',}_[OHTC) THE 'PCF'

(2) A _,;I.SSAGF SilOUl.[:,IBE DISpLAYET._ OF F[IE ORc)EF?

,I (I,'AF.IE)tlEED A SCRATCII TAPEp THiS TAPE _.,It.LBE

A PLOT TAPE, AND I SIIALL PLOT Oi'.JIT,

(3) AS_:,IGN A TAPE iO ,O,

('7-6, T ASG J)

(q-) Fti__l.. ULJl [, !)L..()'[ [",' _'_U[ cJl [ (_[(;[ (CL'I:L _/.'(L .,. ",_;.

P L 0T _>)

SUL}ROU'I 7[HI_- r, nOPL.T ( "IFL.GI IT _,X _Y _N[' _r._D_ [_{Y) _ t,iCllf.,Rtq _I'.Ct-,AF:
NOVER _NX _XL. _Xf!, [.J"l't YL _YLJ_TOPT'IL, Gi D'I'TL _POTTTL )

DIIqENSION X(1) ,Y(1) ,TOPTIL(:_) ,SIbT'rL(8) ,BOT'fTL (R)
NCtIAR ( 1 )

IF(NOVEk,EG,2)GO TO 100

IF(I_×,EvJ,1)GO TO vO

FII._D _.III!It4US', A!'!I, [._,:xTr'."U,_, OF ×--ARRAY

XMIN-X ( 1 )
Xt._AX::X ( J. )
N .l.:=[.!i)-:- 1
DO 10 ,.J::i_.I._IIP,I'ID
XI'II',X::A:if, X .1.( XI'If..X _X (,.I) )
XMIN---A;I.T.H.! (X[4IN_ X (d))

GO TO ql

CONTINUE

XMAXzXR
XMINzXI..



qi

C

5O
C
C

C

C

C

(;I
C
C

C

i

2
5

9ul
C

C

C

C

C
C
C

C
C
C

C

I00

COI_T II_UE

IF(NY.E(.,_ol)GO TO 6[)

FIreD h,_II,Jlklb;q ANi) [.IA)CILU_,1 OF Y-.ARRAY

YN:IN=Y (i)

YMAX--Y (I)

N I--ND-_i

O0 50 .i.:-l,TI,:IP,I.!D

YM IN- A_,IiN I (yM IH _Y (J ))

YMAX-AMAXI (YI4AX, Y (J))

GO TO 61

CO_T IIJL;F

YI4AX=YU
YMItI=YL

CONT Irolt:

SE1 UP SCALF FACTORS FO,, AE_.SC:f-"r IF) 1 -__ ") S.>,', AI ORO-,I,!AI ,_

X;<.7t I::A'_I I;_I { >::.'It!, Yi.I.T it)
P._,..... :,, ,,t,.,,J { ;:_ )

IF( A_'_- >: _4>J()<i-!A}"A' ct-;(>t IN))/_ifl
XN,f, XzA_,'!A)LJ. ( , i, >',;.:AX)
GO TO _
XI,II!I.':-A':I_tJ1(-, }._Xt,lll'.J}

YM I I'l= X;,_I N
Yf.iA :<:: X!.1AX
WF(I1K (O, 9b_ )X:,',lllr XI.'.;,>: _YI:iN, W-!AX
FOfd-!AT (SX _4E16.3)

FORCE LABELS TO BE IF,! SCIENTIFIC i',IOTATION AND LII'4IT TO FOUR ((I)
SIGt,IIF. ICAHT F I GU.RLS

NXX=--4
NYY::--q

DX=, ]

OY:: o1

SET UP GRIi;

CALl_ GRIt) LV(IIOVER,X;,:II,IrX','d_>:rY_-IiI_rYt"IAXrl"):_[,)'I',_0_"0r_I,'-I,
IJXX, NYY )

WRI iE LABE[-S

CALL

CALL

CALL

RIIE2V (90, :]_01U _,1023 p90 _1 _1'8_ 1, TOPTTL,, I',!LAST 1 )
RI TE2V (10 _30 _1023_ _80, i, ug _I._SIDTTI., NLAST2)

RITE2V (90, I0,1023_ 90,1_ q8, i _BOTTTL,tqLAST3)

CALL PRINTV(-12,1211FLIGHT TIME=,510,O)

CALl. LABL.V(TFLG_IT,600_O,5,1,3)
CONTINUE



C
C

C

C .

C
C"

2(_0
C
C
C

C

PLOT

UI-_A_.._

_RI E

[.:i 4b

POINTS
i

CALL
CALl_

APLOTV (NP, X t Y, [!D _HD _ t, 44 _ I EqP3)
APg O-I-V ( r',4F',X t Y _,!DD, NDD t HCI _ARr,;_r, C {AR,3,3, IERR3 )

LINES BET,':'CEN THE P01;4TS

IXI=HXV(X(1))

IYI_NYV(Y(1))

NDPI=ND+I

DO 200 J=NDPIpNPfND

IX2=NXV(X{J))
IY2:NYV(Y(J)}
CALL LIf_EV{IXIrIYIPIX2pIY2)
CALL LINEV(IXI,IYIPI×2tIY2)
IXI=IX2

IYI=IY2

OUr ERROR VALUES

WRITE (_'_, 900) IEi(R3 _I_LAST1, I4Lj_ST2, NLAST3
FORt;AT(_ ',T]_Op'IEl_l._3= ',I3,B×

'NLASTI::',I3;bXp'tILASI'2=',IS,SXr'NLAST3=,,13//)

RE IUF_



fr.)FOR, S I

C

C TIYLE

C

C AUTHOR

C

C DATE

C
C PURPOSE

C

C

C CALL

C
C INPUT

C
C

C

C

C

C

C
C OUTPUT

C

C

C

C _: L!i ',.'r.' U

C U S _ D
C

C

C

C

C
C

C

C

42

POGS I C oF_iRX2 I _ pHYi_,v,2

BELI-,r.OI,I: It PO50 ;'.ODEI, Co '_'_: '-['Y_,, It! I]AI'R I X

C • I: _ B A l'! .1C I'_

9"q'-" 6 g

DEFiI,k ' ', O[:F ICI[: ' RtF, "i't, [,I EAR 5 S'lEll f'_Cir1 , ,'. C i: l!'i I,,'_T .. OF '_:: I,' Y .

MODELS TII_ r" SATUR 1'_ V tPOGO_ DI-I_HOI'IEt'oNo

CALL PMTRX2 ( OI1EGA _P _h'RP .NCP I

THROUGH CALL LIsT o_o •

OMEGA FREC!UENCY FOR UtiICH THE t.IATtRI){ WILL BE DEFINED

{ R ;',D l/:N :..3) (,

NP, p,r,,cr, TI-:;.'_: CO£F'F_iC|FHY ll/,'rRiX IF DT. IIEIYSIOIJF, D NRP X t;cF',

ALl. OF TIIE Rr.r:Alf}ZtlC VLRI/,g!,ES Af_E SUPPLIED

THROLI(]H TrIE: COIIHOH [':[.OCK l,r, li2_, A DESCf',IP'I'|Of,_ OF AI.!_ OF

TrlESE CAN 8E FOuh'9 If' TIlE I;A_[; I,ROEI;:_ll _,['OCOi.'_¢

TIIROUGII CLI L l.l_;T ®c c

P 1"tie ll,',Ti,'[): 0[: CDEi'I"ICIEI!'I'S DEI'IUED For, ' ONE
,__ _.t, CY_FLIGtlT T[I": 1".[I{_ Ot_E Fr:EOU'-'

. r- (-

PL'C D[:[ i; :'::7' "l l;:-. /:'i Z([ ", U._:i [_ 'l(i i;O[_:.' "ll:i:. pqC.':

SLIE;IIIi AI,F) Slll)ii.', /,[;L I'," E: OUT i,_",: L!"' _ 6._ _ _._ I:I!:',[. R ] ...... ,-[ "f

HULTIpLY ARD ADD YI:O COi;i'Lg}'. 2X2 I;;;Tf:ICiLS_

SUI'_RDUTIi']E...... F't;T_"R(C_r"c;A,;P_I,'_,PtI'_C '}

r "p "'e,,f, ._, gl [_,2 >Uill _SLlli,:_,

CON(,?.) _OllgOVZ _l:S (2,_2 r2 ) _yl';ocg (2 _2) _Y(2_2_9) _Y_'!(2 _2 _9)

YTID(2eR©2_2) eYv_71Cl(2©2e2_2} _Y_'_OC_(2 _2) __vEl,iPli(2_2)

TEI'IP (2__2) _Y7! (2_2} _CCOH _COF. I'_C

REAL I( A _ I] i" 0 _ I"IT F" , I. A _ llP _ II0 _ liF"

StlLi:ED E,y l:li'l'12X2Ai!D F'OC02._

COIII,;OI_ /[:I_2/C.c.C[(6_2) _V(6_2) _Shl_,:,?} ,,A(_;o2) _Sh((.t. 2)

CI (6_2) _K!:C)(2 _::) _'i'{6 _;<} _L.L (?._2) _I_A (;it,?} _AL.r:'IiL(2 ©2 }

DETA(2{2) _!:[,/',{2_2) ©TC,(2I _l.;_.:l,Ch{,l:CEr:O{/.gl.r)(2-) _t, sir{2)

Z(_:T/'.(S') cO::C;:(S') ,

tiP{ ![.i,,2) _iC'lO( _,_*_2 ) ©I{'ii:( _D _2 ) ,_I:_O[I[:Q ( ! [3) _l;'l:C'{2 ) _KTF (2 )

C(C,_3_2_2) _eI'{"__, .._2_2) c.l:St.I:i._CL'Ol,_'lc.C{"ir(2) _I;O(?) _[i"r"{2)__

llP_PVCSi.(2_2:2) _PVCI:.SI2 _2 ) oPVCSYG el"VC'l"(2 _2 ) t, PVC:,(2:2,2 ) ,

PVC.SAI2o2©2} _ l, P,C 2/. _ l:. _ [':ill _ I: C E [1"

S=CIIPLX, (0 c, c OI_,EC/', )

DGTORD_:3 o I q I n927/I C,Oo

DO I l=I ,NRP

00 I dr'llt'cP

I Pllid)':O_

C
C FILL TIIE FIRST 12 RO_':5. (TIIRU STATEIIEI';T _,qI,,



." '' - 43-

C

C

C

C
C

C

12
C

C

C

C

C

C

2
C

C

PVC /':A'|'R|CL-(_ _oo

CALL PVCtOII_;CA_pV_'_'t_ ,-_,,-.tPVCA_FVCS/,oFVC'i_FVC;(S_PVCSI"CtEit;OIHot

lir'- _KP, C2A _ Y7 I [1 ©Y_',7 10 )

,_.CCUHLII..ATOP, tI,';II_IC..ES ooo

DO 3 K_li2 B LOOFS THROUGI4 INDOAND_ OUT$OAF_i.)

DO 12 IKol,2 Ill LOOPs TIIROUGII

I d=qo I K<:- I

YKz:I elIKA ( I KmK ) IS<,S_t,A [ II'," oK I/C)

CON ( I K ) _,,'RI.IO { I ie,DK ) e,SLA ( I I( _ IE) eYKoSeo2/G

Y(I sl ,IJ):_"lo

Y(2_! t ]ld i -':yl:

YI212DIJ):;._Io

OXIDIZER, FUEL

ACCUt-;ULA'i'OR ¢;AL.!.. I101"|0N f],t,'(fTIC[C5 o r e

yi't(2_1051:_COl_(l )cT/,(l,)

YI'JI2_2oD)L_CO/J(_ )c.( I _':TA(I:))

Yi';12)l _?)'-:Cn_,i(k)

O,";II)!LLf: ;.;:ii ,r:'tiL][ .r,L!C'i'ZOf! t. li::- l;_','l'i;i(:;!_ _,_ _,

DO 2 i"11L,

l_Y_l_..ll/E, lolt-,fil. I_ l'!'i'_li2_'_¢"_ ,_i, i. 0

CFV:'CFll _l.:)oV(l iKI
(_A ''_l,li,::-"Sl_;,_',( I iI_.)o_C) R T (I _.,".'Corf'\..,le.)

Zi; G/".l';llt_ oc.;L ( i. _ i: ) o e2/{ C.,c' A ( I i I{ ) _:.5 }

GSL_,GAIII-I;,o $L ( I _ K )

51(p r_S | h'tl (_5[. )

CKP-C051i (C,SL )

COI_FC'-,2_eV(I llC)/(NliO{,.!_l C)oA(I c+Kl°Zl

Y | I i 1 i r:Y ) :_.-CLf">C I ( I c,_: ) c.+..,,_..... oCO[':f"c

Y ( 1 t 2 t f!Y ) ::_;: c. ( .<7.F I" <:'C 1 ( I c{", ) _ L2I';_<'CO ['_PC )

Y (2 _ | ©t_y I .,-..<-,l:r_/Z

Y ( 2 _ 2 _ri'i' } _<<,Cl(i >

OXIDIZ"_:.t,' AI.:D FL17;I. SUCYIOI'._ L. IHr Z t'i.",L,L ll.'-qTIOfJ IiA'(NZC uS.` eoe

CFV::<_Cr V c'F,i:O ( 1 _t-'. I / ( S':'Ct:V <-C ) OGoA ( I _I" ) (_

EI2,_'Cl-t' o ( l _ <'CfCP )

._, . I,I,O(,.!_KIcA(I _l(1 i IB lt,CPV(;7, c_iZPo2 o_,C 1 ( I tic Ic, V ( I cK } o ( l c ."C,Ct ( _ '

oS

Yi'lll IIINY)_-->T(I ,KIDBI

Yl'llll21NYi-li(l II()_,leloOl

Yi';12111l't'i'lr;-T(l ,KIoB2
Yl'l( _ IP. i f_l ' )_ l l ( I _K 1<,1 _ I 0_2

COIJT l tdll_

COLLAPSE OXIDIZER LIPES_



.C

.33

C

C

C

C

C

c
5S

C

C

C
C

C

66

3
C

77

DO 33 ! I'"I,2

TEIIPM ( ' I ,dJ) r-'Oo

TEI]PI1 ( ! eI ) "; I o
T Eiii_ll ( 2 ,2 ) ,,I

DO 55 dJn7,2,"'I

CALl- SUst;II(TEI4PH_Y(1 o| ©JJ),TCHP)

DO llq lit'l,2

DO 'tq ICKnl,2

TEtlPr; ( ! I _ KK ) _,_TEFIP ( I I _I(K )

CALl. SUP.,I'IIi('fEHP{.i_Y_"( { _ } ©dO_l ) eTEIiP)

Y71 RELATES OUTPUTS oF O,'_,ID_ZEI_, PVC TO Ir._PU','5 OF "i'tIE

SEC'{'ION OF "i't;_-;.O;'.IDIzEP. l.IIJEo YC;O',J /';cCOL_;,_'(SFOR TOT/,L

LOSSES OU_:_ TO SUC'EION L. If..'E k'Y.'+LI. MOT!or',_o

CALL SL!F;IIA(','C,O_'_)'i'EfIf_oY':'O !'j)

CAL. I.

C ALl..

..... '; ? ,_,{

Sl'_:ii;;(','(! _ ! _71 _','TtD(

DO 66 t4ll.*=l _2

DO 66 _C_:I_2

IR.2oI._ 2.:.i_il 19 }{'I_i_3

ICnqGK_'q+r:C FJ IC"{ _r-,

P ( I R _ l C..'2 I ,I( } _Y _',O_.i( l,;i, _ HC }

IR_qoK+NR _ 1R_'5_9

ICn6OK+2<'NC B 1C_9,_5
OC_lB+3elt<._;C O dC_22©25.

FUEl.

FUEL

51.ICTION l.]t'JE IIA'I'fCICF5 q¢._,

P ( I i-,'_ JC )r;y _',(l!i-_:I:C _C:)

PVC AHD /',CCUIIULLTOF; II:'.TP,._CKS _o_

P ( I P,,+2 _ I C."2 ) _:,,T EI';['ll ( l,ZP,_ ,C )
" " '_' I,' 9 ) _"t'El;_' (t_F: HC ]p ( I R < ,. , J,. ) '_Y_.'I ( l,.; _ C_

COh'T ! IJLIE

DO 77 Iul)q

Plled)_lo
DO 88 lu5_I2

P(l,d1_lo

O d=3,*I)7_8

0 d,-_lI _ 12,13, l'l. 17 _IO _ I? _20

88

C
C FILL ROWS 13 THRU 28 (THP, U STATKI-IEI'JT 5)0

F I t_ST

E' F,'r

• ._. .. ............. - .............................................................. . .................................................



C

C
C
C

C
C

C

6

STRUCTUP, AL, EQUATXON5 ,o_

DO q I':!_IO

1 Co: i *,'26

KKSLLb:'K,£LCO

! F | K ! EOL'oE(_ o ! ) K_SLCOL_I

CCCrJHP{ | o I)/EIP( | 12)

CC_CCCo( I'_F,CENP)

P(IRt3 )nCCo

PIIR+7 )r}qoo

PI IRe 13)v2oo

P( IR _ t _,') _C c __
P( IRD22)'_CCc

P( I R _2£,) r_q o'>

ASO( ! ) oKSLCO

I.$LcOoASO (2)

CCCASF I I )cKSLCO

,,',s!,cOc.r,:,F ( 2 )
li p _-,..qo o 2 _,_I: S L C 0

i_P o K -"3,[, C 0 c,S <''_}2

IF IIoI'._F-_l)CC

.OI';E0 V Z :-:JIGOt:_

IF (AI_5 (OkgOV

O;,l::2ocZE'i'A(I,,l )_:OIiGA{ !,,I)(Se..OI;GA(I"I }oc2

0,(!)I(Soo2+cCflH)

Z)oGY_,_ _,E'_3qlZ;;!c!Ol!EOVX

I"I!

P(!

P( I

I:-!C),:Z

R I MCt' } ::_ 8¢ ( I ,,I, C I'.ll;' ] _'c. 2-" (i{ _ K 0 L'" l ) <' c ? (,CO C cl_l< :qt. cO c ',t ] {:(!/.

DO q I-,::1 _2

I R,:20.:.3 oK

Pllr.'_.TClr,,t;l'O(I _1-_)
P( li';e..l ©IC)::,_IIP( I r.l:.)

P( IP';'2_ IC),'-,IITF(I ,K)

DO 5 I*::23,28

P( 1 el_?-I":l •

FIL.I. RO:_S 29 TII[:U 32

TARI( [;OYlOli I:RE.qSUP,,Z CC2UA'I']OI4S ooo

DO 6 I';l {2

IR::2D <'!

IC_;18': _c'3
"C"•.o o, c "fO([)P(_P,_IC)t, l..,l. CO c'_,:_ ")'II

P( IR<'?," _Ce'2)" .....KsLCOc'£":;o2c;',TF( T _'

F'(29_1 )t'l o

f_(3_ :P, It:l*
P(3119 )_-_le

P { 32. _ 151=1 e

FILL RO_S 33 THRU 38

ENGINE TRAHSFER FUMCTgONS oo_

DO 9 Irl _3



8

9

C

11

III

C

222

END

46

DO 9 J"_Ip2

DO 9 KF'I_2

SUH I r: l

DO 7 L.'_I,2

SU[il _:SUt: I +C ( L e I , d _ K ) c'Sr-'eL

SUreR _ I c

DO 8 Li::3s6

.r , l J_K)oSovIL_2)SUI_2_.:,UI,2":'C(L t

KS { I _ ,_ _K ) '_SK { I BJ _ I,: } e SU_', 1/SU::_::

DO. II d_l,2

DO l| K'_I,2

CE(JIK)_EHPLX{Oo jALPHA(J

!

P133t3 )_:(=KS(2,101)OKSL

P13q,3 ) L_,-K5 ( 3 _ I _ I I c'I(_L.(_

P(3"I_3 )f-_-1,5(l_l ct)cE;',i'-'(

DK I oDGTORD¢Of.IEGAoGE'i'A ( J, K I ()DGTORD

_'L,_S oCP, o ( ! ) ) olr, CECO

L/2_oKC;_CO

CE I ! ; ! ) )c_,_CF.CO

P ( 33 _l3 )_;*,IC.S{2 _2 _ I Ic;ICSLHl,cr:C

P(3fi_I3}_*,(KS(3,2_! )eI;_Lt:!,<,2

P(37 _12)c;,-_:,S(I _2_ !)cZXi"(C['II2

[CC 0

c,o$c,Ct:FII)II2©CKCECO

©_ )IoKC[_CO

P(35_7 )::_ICS(2 _ I )2 )cKSLHI-"_S c'CC'O(2 }

P ( 3t. [,7 )_;,':_S ( 3 _ I _2 )e',,_Sl,i':L/2e

r (:'? :;; }:,._:_,( ',: I r2) _:':_ _ :-:",F'{Cf: { _ _Z ) )

l,..:,2eeScCt:["(2))/2_

('(CE(212)}

P133_q l_'l_

P(36_20)nl

RETURN

COHPI, E,L i,(2_2} _(2_2) _C(2_2)

DO I 1 l tiI_:l _2
Dt') I ] ) ;:;,J:;l _2

C (l_,J_r_! )r,Oc

DO I I I Ii;,::l _.2

C | Ild _ 14,_}_:C {rid eill ) <'/', (ll,)_Ill:) (_[',( Ill-',_,III I

SUDR OLIT ZI,,'ESI,_;lit,(/'._P cC )

COI-IPL.EX t,(2_2) _D(2t2) _C12_2}

DO 2.22 Iii_-}I{2

DO 222 _id{-'l,2

C(H| IHJ)=A(HI,HJI_D(HI _lIJ)

RETURN



e F 0 i'_',SI

C
C TITLE

C

C AUTHOR

C

C DATE

C

C PURPOSE

C

C

C CALL

C

C
C INPUT

C

C

C
C

C
C OUTPUT

C

C
C

C

C

C

C

C SUBP, OUT I _E.q

C USED

C

C
C

I

C

C

O

¢

II

C

C

C

C

C

POGSICoPVC,_PVC

PVC

CeFo BA_!CK

10,,15,,6B

TIIIS r:OUTII!_-_ IS CALt. EIn BY _F;ITP-:;2_ TO [}E,':IIIE TI:E

HA'tRICES USED TO I.lODg[. "j'li_ PVC_S_

CALL PVC'( OrIEGA opVCSL IPVCA _PVCSA QPVCT oPVCKS BPVCSKG sRIIO o

MO,_FIKBC2A;YPVCIYWPVCI

ALL INPUT IS THROUGH TIIE CALl. LISTo O_4EGA IS TIIE

FREO. UEI_CY FOR _JHICI-I TIIE I!A'|'RZCKS i'ilLl. BE DEFII_ED (R/..DIA,,:S)-.

A DESCr'IPTIOI.: OF ALl. OTIIEP, VAI2,1t, BI.ES II._ THE LIST UP TO

I,_D II, CL. UDIII{; K :3 C ;_J,'.. C;'.LI [;E I. OUHD I;! Tl;.% riAIN Pi;OCI',/,H

tPoCO2_e

YPVC_

Y i'_P V C

EACI_ oF TIIES,5. IS DIII_Zr_.qIOP._F.D 2%2};2%2e THE

LA._T SUP, SC,_:IP'I ' IS I_OR II:BO,'.,_D_ OUT::OAp, D_ TII'Z

SECO_ID LA.':;T IL; ["0[: OY, yCZi'!o ["UE[,o TIlE _:;22
I,I/'.TR]CE_-; DF.T_TF:P,II:F.D By TIi_ FIRST T_.iO 5U£_sCRIPT.q
P,E_.ATE PVC OU'i_'UT I"R_._'.qL!,I[:', :, AI!D FLO_,S TO TIIE

/,.CCC:U_!Y ;:(',_ (-}II_:;/.!, Ii0"_'_(_: l":i Fi'::CT3o

SUBi;I-; ,",r.,'D SU_:,I_\' A_E I;,ITEF;h';,I. TO _PVC{ AND ARE USED

TO I.iUI.,i"IPL,Y T_';O COI;PI.,[Z}; 27.2 IIATR_CE{3 OR IiUI,TIPI. Y A 2;':2
COIIPI.E_ HATh'! v _..! -,,,, BY A 1' O,:_DII;_NS_OI_AL COIii-:LoE_ VECTORo

SUBI2OUTII,_L PVC(Of.;[ZGA_PVCSL. oPVCA_PVCSA_PVCT_PVCKS_PVCSI(G,

RIIO_IIOrlIF'_KBC2A_YPVC_YI';PVC)

REAL HO(2),I1F(2)

COHPI. E;', YPVC(2e2_Re2) eY¢_PVC(2©2.2_} _$_GL_CC_SC_

D _E t.'l'F'(2 _2 e_ } c.TE_fi {2 _ 2 } _,

TEl;P;: { .;: _ ,9 ) _ I"F,'; 3.2 { 2 _ 9. ) _ T _;q _:::] _,( P p ;_ ) r,"[ EI1/:'V }. ( 2 ) _ "I"f':I',P V 2 ( 2 )

I'EIIPV3 ( 2 ) r Bt, VE[';{ 2 _2) _ST (_oE;)

DIli_11_101.! P'_'C.{:.!-(2_2;,2) cPVCI.(2_2o2} :PVCS:,(2_£?[,;_} ,PvCi(3_2)

_f,:l;O(2 _2 ) _PVCK_(2o2)

G_;3C', e fi _a I II/SECc_o2

IF KF;CRA::I_ NO PVC_'S ARE II_C[-,UDI'D I_' TI:E I._I'!ES

IF(KBC2A_E_ol)GO TO 7

I C_,,3

l_:q¢l_-+IlolD

QO_,FUEL



t

C

.C

C

C

C

C

1

C

,J I Ct=q ! + I

DO 6 K_;I,2 DINP, OARD_OLI_S.qAr_(_

RI, SP:_PVCI-S(I,K)/(PVCA(2_I =K)'_flVcA(I ,I _K) )

1NDSt;I

DO 1 d v 1 = 2

I N DS r_,, I r_[)S

GLeaSoPVCSL(J, I*K)/PVCSA(J,I ©K)

CCoCOSH (,GL)

SC=_S I NH ( GL )

ZuPVCSAiJ, 1 ,KI/(PVCAiJI I tKIoGI

Dra,-RHO(I _KIo(PVCSKGoCC_SoPVCA(J,[ tK)OZ°SC)

E_P,I:O(_ =KIca(PVCS_:Gc_C/Z._Se. PVC/,(J© !,K)c, CC)

00,:7

TP(I

TP(2

TP(!

I'P(2

1 _JJ)n_-.CCO(D/P, KSP)c-IUDS

s I _,!,J)r:sC/Z¢.(E/I',FSPIolIqDS

,__. C-JJ ) ,'_SCOZ

0 J J'-'= P- 0,,1

TP ( I _ _ (d,_,_) _ F:_:5,r'/( R',:._;F'_',:I!!. ' ( _ .,K ) c P','CLII'.Co Z Ic!>3 }

_'RI;(, ( I ,_I: } c'P V C5;;:¢:, }

l"P(l_g_Odd):;O_

TPI2_2_JJ,I}::I o

ST(2_J}n,,ScR

SY(_J':Z)::D
SY(2_dc'2)':E

I,_IIIoPVCSKE.

{;0(i _K)°PVCA(J: I,:I:4

IF(doEqo2)gO TO

TP(I=I_I)*_=,CC

TP(2_I_I)nSCIZ

TP(I_R_I)::SCOZ

TP(2r2_I)'_,,CC

CONY ! NuE

S'f (2 _£;1 ':,,.";.Y (2 e ! )

CAt. I. 5U[.Eli (T

CALl. SUi3I;t!{]

CALl. SU2, I;H('I:

CALl. SUSIII;('_

('(I _! _5) _TP(! _! rq) _yS:}l

5q =T[; (! = I 1,3 ) _T{:;li;.'r;

[.I',F'tl ; 1P ( 1 t l _ 2) (,'_Sqa2)

5",32_YP(le!_l } _TSq321)

TBg32(I el}uY

T5'i32 ( 2 =,2 ) _T

5't32(1 el)olo

Bq32 (2 =2) %"1o

CALL SU61:V(T

CALL SUSIIVIT

CALl- SU_r;V(T

DO 2 II'_1_2

Bq32! =ST(l =5)=TEtlPVI )

5q32_ST(! =3) _TIZtIPV_)

B e}_sT(I _21 _TEr;F"V_)



C

3

C

q

C
C

5

6

C

C

C

C

C

C
7

8

¢

C
C

11

C
C

12

C

SUBr_OUT !

ENO

TFIIpv!(II }_TErlPv_ (II)_'TEII;'V2[II I"TEF:PV_( I I )

CALl. SLiB)IV(TSq32)ST(I : ! ) ;TE);[>V2)

CALL __USrivl')'.r-,*l).(;.,Y ( _ ,q) )'fEllt'V3)

DO 3 I]_:l)2

TF._IP V2. { I Z ) :_I'EIIPV2 ( ! [ ) *,TEI',PV3 ( [ ! )

DO q lli:_| )?..

SAVEti':Iit I )_:TErIPVI I lril°PVC'f(_' ,[:)

NIIt_3"|

SAVEN ( | 1,1)Mt.11 ) "-'TE MP V l( I M) o ( I o¢_PVcT ( I .K ) ) .i.T EHPV2 { 111 1

DO 5 NRr_|)2

DO 5 NC-_1)2

YP vC ( r;l'. _I!C _ I _ K ) =,TB _',3?_.! ( I: .r:,_ iL'-c.)

YI'_PVC(HR_HCcI pKI_JS/,VE_I(t:R_C)

CONT _ RUE

REIuRr_

t;_qSOLU'fE FLOl': R/,,'(E.qlO RA'r[_fl C.;IIICtl /,Rr. RFl, L'iIVg TO TIlE

DE1 g I:::1 _"

YUPVCI?.2[,_I'):". ,,-,c'_O(;;),

Y_;I'VC I 2: ) ! _:: {.I: ) :-',_.fi :_;;F (;: t

DO l'; Its! _2

YPVC(2 o2) I { K)_:"I o

REI"UEI:

RES ¢ © e

SUBROUT Ir,'E SUB/III(A©D)C)

COMPLEX AI2)2I )B(2)2) _C(2)2)

DO II Ill_l _2

DO l I t',l:_l _,'_

C(rld_r;_ )_'C(Iid_Ml )':'A(IIJ_I;;-:IoP,(ill',_II[ )

R E'I'U Rt,_

SU_ROLI'f I t',E S)}?,f_V (/', _ fi ) C )

COilP!.E;: A[2._2))C(2) )D(2)

DO 12 liI,:l _:

Cllll )_:U¢

DO 12 l"_Knl _2

C(MI)_-C(I]I )_./,(Y,I:l:_Ic,)o8(l.il:)

RETURN

;.ALLS



_0

_F'OR. IS

C

C TITLE

C

C A U T l'iO[:

C

DA E
C

C PURPOSE

C

C

C METHOD

C

C

C

C CALL

C

C INPUT

C

C

C
C OUTPUT

C
C

C

C

C USE[;

C

C

1

C

2

3

10

Et_D

POGSIC_SOLVEQ_tSDLVEQ

SOt. VE_]

Co Fo BANICK

c #

tSO,.,_ I., CALL. "6'II_ IIAII; pd,OC[;A, r 2.c T

SUPPLY .SOLUTIONS OF YH-S LINEAR SYSTEH DEFINED BY _F'i'_Th_I.2 t ,

OUTAIN COMPLEX vALUED $OLUYIONS BY USING A CAUSS'_JORDAN

REDUCTIONG RETURI., _ THESE SoLUTIoNS TO _POC020 lh THE

FORH OF AHPLITUoE A_'D PHASE ANELE,

CALL, SOL. VE_ {,r'jtJRP _NCP _t,liP _PI_CAIIG )

TFIROLJGI; CALl. 1.15T o_

P COEFFICIEHY IIAYI'.IX OF TI_E I.lt;ZAR c:YSTEi;_

NRP,t!CP P IS DII:_.r_CTIOh'ED I';P.PX h'Cp_,

TtlROLIC-tl CAI. L. L_5"i" ©o¢

Ar.iP ARI_AY Of AHPLIYU[;ES OF SOLU'iiOI_.q 0[, Tile SYSTK:.:_

PI-ISAf,'C ARRAY OF PI ASE L;!CLES OF .qO_,U'(IOKS OF "fll_L

SYF, Tfili,_

CC dR A ROUT,;,.,.. Ir_ "Fl,i;'t:_,'"_.;.Cr;_,,"*'pit-.; i_II!C.i,

SUDROLITINE SOLVE_(I"_HRP_NCPI/,IiP,PI'ISAf,:C)

cor',Pt,E;: P(I!FcP_r:CI _)_v_l'p

DIIEkSIOI! AI_F{! ) _F'IIS/,HG(! }

CALL CGJR(P_NCP_t.JRP_NRP_NCp_S_JC©V)

GO TO 2

DO 3 I_;I _HRF' ,,.
PP:_P ( ! cfiEF')

AHF' (_ )::AF.S IPP I

PI-I[;Ai,_C C I ) :_0
,:,,,LC([) _:{A_II C(i; )_f_E,':L.(PP)}I F I/,lip I I I _ C!'i o l _ E'.::_7 ) F'II'- ' ' _:(, "i' A 1'-} l', f; '

COr!T I HUE
R E 1 U R I"

PORlll'i'l(|H lf,,.IC:'t _ |2)
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.I@FOR.SI

C

C TITLE

C

C AUTHOR

C

C DATE

C

C SPONSOR

C

C PURPOSE

C

C

C METHOD

C

C CALL

C
C INPUT

C

C

C

£

C OUTF'UT

C

C

C

C t.:0"_ E

C

C

C

C

C

C

C
C

O

C

O

0

I

C

POGS |C QSTI:CY2 _e S I"P,C 3"2

SiRCT2 c._ C PP, Ib_2 _OEIt!,_ 9,J23,,6r_

CoF_ BAI! ICt.:

9"9"68

He, E_ "_TEP)IEIIS

CALLED BY THE HAIN F_RO6-RAH TPOG02 ° 1"0 SUPPLY VALUES OF

THE STRUCTURAL DATA AS FUNCYIONs OF Ylil,Eo

LINEAr,' INTERPO[.ATION.g ON ExlSTXN6 DATA_

CALL STF_,CTg{T,TcECO_.OI'G/',_ZETL)IlpelI'I'O_ I;YF_I',CO;_r''T_)

TIIROUCH CALl. I,_S? o_c

T FLICtl T T_IIE FOR _',l:ICI:"l',_:[: D,gTL t;Ii.L DE

DETERi}I ,FD .c:_Zt.,,. ( C)o

TCECO "i'll;E FOF: TIlE C,EI';'I'L:{';ENGI['!__. CUi'"OF[" {._;EC)_

TFIP,OUGII CAI.L LIsT **o
, ,,, ,T_- CAr.! I'_-A DEScRIPTI. OI_ OF A_.L OU'I'r'U'I"VAF'gl;.L:..... ,

f'OL!i'r) .Ill "t i;:'. Ii.'. _;i. F: ,.,_1},.- ',_:,,i _[:F _Pr:', ... ,.. ; c

..... _" n"F'Ei!F; 0:'. Y}:t" I;LF:: 0;: FUEl,TIIE _'II',UC')'_FiL). I;C_i._E.q]a,,, , .. , .
f,E.,F:F:Tc. TI:E li(!D,E .c;,'L PA -_-'i EPAI;D OE!DZZER p,-r- ,), I'[C i'A IS OF:

NUIIERICA!.I.Y FOR D_.r,CI;[_YE V/,IoLI.E.q 07 FLIC',',T "l'li_Ec llIESg

VALUE=, '_ Pag c.,U,''POSE A t"AP.'i ICULAR CEI_'([:_R [-I:C,!F'Z- CU'i,,OFF
TIIIE_ FIEf!tEe A Ctlt_t_{:l-IH CU'i,-.OFF "I'IIIE VAI:[ES TIIE "_'IIIF.

1,'1" l',ll | Cll .,_, F-'/', R "1"I C lit... ,,,,_" lior)':'. . ,:_'"',,.p _.r" ( [:"{',91', "1'1,'E D ,TL' } I ." /,

VALID R g I' F', 'q_" "-E_,,.NTAYiOi_ FOR YII[:: Vr. liICLE_.

SI.IBROUTIIJE sYRCy2IT)TCECO=OI.IGA)zETA_I1P)IiTO:ItTF_F_E'OIIEq)

DII-_E_:S_OII OIIGA{gI _ZETAIg) _IiPllO_R},llTO{ Irish.) _IITF(ICI_2I

)IGOIIF. Q( !Of _Yti(6) _t, OFIC;',(6_9) _AIIEo(6og) er:C, DiiE-ql6)

RGIIOVII|R} _AF',[;('-',_2 e9 ) _AH'fO(L._g) c'IlyF: (6 _91 _C(2_2} _Cl {::_2) ,

C2(2} _C3(2} _ZZETA(8) _A11;'67.2_{Y3 ) _ZF-TL! {C.l

EC)U_VAI EI._C.EIAI,<'623oA};I"(6_%_3) }

DAiL TII/D_ _ lfl_ _ 6D_ c 1_O0 { _.12E { _ IF'5o /

DAI'A Z?:[:.'I'Af ol3glfi ©cO! _ _{12_3c oO_ _',¢2c'_D2/

DE,'_A ZEY:.I/?.'-'oOOC;c?.o:O! _cOlq:_t')21

DAYL F._D;iF'_!/I _'r_gF. gol c-r l.Eq_l oP, F'Eq_g_?e;":?_6c_g3_q _r'>SE?I

OAYA AOl;gL13o77_q_'O':'_'c27_C_["9_IC_'c'_"g_P2'o99_q°59_q°67)

tl ©9 _E¢P..q c 5 c'lq e 6 o [P. _ 6¢q3 _6=.C, 2 _6_71 t6oC:3cTQl7 _9_ IRQ _C.o35 _

IO,E'O_gc'lC;_ Ill |p.c, Zol9oq_Rogog_,l!,q6e [2o,_6{Ifi_(!_

12 _ qr-)) ! g_ral_ ,

|0_93 Q 12_37 _30 | t,}e q7 ©I I _33o [ ! _56, I q o'}O _3o lqoO5)

6016o7,(,)2o17_20, I7e02o 17,TgelS_o2e

18_071

DATA #F.IEO.I_ 298Eg) _6E3) c275E_, © 109Eq _ _ 127Eq) _789E2)

139Eq ) _ ! 3BEg o o 32 [ E2 _ o _;2C;E2 ) ) _6r,.E3 _ e 2, q qE3_

....................................................... :" "'_-]7-'2"7 :- "r:'L]:'-- ---- _'7.._" .... 7" T.L:t- ::T.L-:Z_ " ":7L-7"_ .7 _:2 .........
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O

II0

O

DATA Ai;P/o292)cll?io1761,52!'io:)iOl

lesl, 28flil 1151,)16251, fl95=

o362o_®685E"='l Io233t_265o:'330E =l ,

o620E"l =®2531"I17! I)Z23=o253©

i321E"1 ,o0.59)c235==150)c605E_>2o

o0211o0160)_167=olt52)1=i

o55qE"2oc191E"l ,,Dlr',2;-_l i"151ioi10 -5_73°0o/

D/;'i L t, ltP_;:3/o 831

I o i oog _ = (, 3-':'O, ,. =2! C"i I _ i

o323E'"2© e3!q) _2_Oie _ i.,5o _073_

®32! o _TgL,_,-3_ o?,:iE"31i22_E"3©o 133t,

,lr,?,E,-,2_o3713<,2=_lS1 to?-31K"_?'¢_ 103[;<,._=

o9)6E"| ©_ l ('7.6["_ i ¢ 2'_>Q_,<'_ I 0 12;)i I <i

192c_'_,,iE. "> _{;':'iE<:.._fo2_?._:',>31e_74gE,,21

i, 772 _ </. 9 L_l _ 2,", 3,':'-,, 3 ©¢ 535£,.3 o _ ) (-2E,_3

= i179["2 t _ I'. i o 4,I_" i _ 1 g (' E",2 _ c,22Z_':";; i

cQTF' "?l< l".! 71' ! _c31: <.'" :t;':t., c r i";'7;<,3,.

©1.rq _ _ ! 1,7 ; c ! 05 c ,"209: .-,r_,' t:!" :

o75glc'933_ ! _. _ 1 c, )_36.g

,075,% _ _ 301 i _ 3 _' <'->, < 3r.>i.' i o 3 C,;',i

) 12E _00255/

DATA AIITO/" _391_,_,_189_ _1""

_olRqio13199ooll12E"2= _0,-';39i o

1199 ) II 13 )'",_0256 i"o02,_9 t eOO_

oD91 _ 3 I _t i oSOg ©:':0293 )°_0235
,,',o 552Eo2 )",© 397E_,2 i _, i_09 I 2 l"e

•'_28_E'_3)_2!gi"oO3Og©"¢O_ eli
4102:13 _ c 0_" 72 o " o B 269 i "+_'0[_ _ r; I

" ©2_L';3 _"' _, ! 7 i, "' _ ! ,'7..3_<'c [_,<;'; [- <,

o _ 6 E<, 2 _ ,, _ '7':;5 t',,?, , ,, _ O 2 g c *__ FIZ.F.,
,_ o Og 22 _o"_,OC:r _ ",' c.0";': 3 _ ,' r. 0 _ 9 _

,_oOgg "> "; "" [P(,?._, 00'_i?,/

0972 ,

6o

|

D036 , :' 12.g_ E'-'3 ©

e 030g

<__ O,O 2,3"; i

? i.'o 273E(,2 ¢

D/,TA AliTF/_ g?7 _ _ 177 i c 297 _ _ ?r,g _ I ,_ l

"12I?o_._;[12_ ,.g?,7i c.OZg/"_ _06! l

i206eo l_,I it, O<.';7_-'©oll-.:r' cCl_71_li i

....... I<,¢C]66 : _,0 o

•_ I Og51 ©"_ O';)'E_ 0<" o 362 i o ('.9 ! E'-,3 _ " o ! E9[']_3 i

,l_©l)'[o3c-,122,_'r,i, Ol_:71cOlt_gl_ !3_:i
t0217)':eOi1671r'oq2[;_*';30"¢ 107E"2_o119E'-'2i

1_27[<'2 o i1206o ©166i )'_e_53[<_'3i"02[ i[°2o

_'i25)E'_2l og?-_E:'2f"o025! i,,©026_li-e075)

"t 0663 i ° 0083 I _ lO3 i " c>137 i'o 161 I
i,I |ljO il" l _6 t} lii_e 153i 103/

Ti'iOP I c'2 o o3 © I ill 5_'27

....... ?_
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13

C
C

C

1

C

111

2

22

C

3

C

C

C

6

C

7

C

8

C

9

C

DO 13 12_219

ZETA(IZ}'_Z_CTA(IZ"I ]

TII4E_T

DETERHIt'_S i''_,,,_ RELAi lOF;-qlllP. C,F.Ir;[,'.EH l'i: _,_ cURF:[.I_T l|l;E t,t'D, TIlE

NOtIit_.Al. l'ItiF l'Of_ CEtliER Et.IG[I.IE CUi',.,OFF,_

IF|T_I25_)I_IelII

D E T E [',i.l I iJE

'IF

6O

Till YADL. E LOOI_(.UP YIi';Eo

{T,_T,TCECOITIflEnTCECO*o_olT_TCECO)

TO 3

IFIT_TCECO)2s212 _
TIIIE_T_Io2o{T=I25o)

GO lO 3

TIr_E_T<,o2c(iCECO,,12Do)

IFl$]llEoLl'e'l'll{l)cORoTli;[coGTo'l " (6))G.q TO l!

DO _i I_;2_6

I Z-!

IFITIt;F._I.,EoTII(I )}CO TO _

COl._,_(i'il;_;,i r;[!_., l))l(il;(_}<,i

HP(I _,Jl c:9 c ?_:E,,|

IITO( ! _d) c:VoCC_-"I

FII'F(I IJ)L_©9 "_'_u,-!

(I["I}}

d I <."I I "2 ':'U

RGIIOVN(JI_9_gOE,,I/RC,[_I;ZQ(,!I )

HGOI-1EQIII_COI,to(RGIIOVIII2I,,RGHOVIIIIII<,RGHOVII(|)

ZETAIII_ZETAIIII_II+CONo(ZETAIIIII-ZETAIIII--I)i

DO 1(3 r,:119

Ol;C,A ( I', ) ,._'i'.,: o [: i c. { coHo ( A0ilo;. ( I i _ I: ) <,Loi;f7 L ( I I ,, 1 _ I( ) ) 4.
AOI;_A ( I I'_'I _:I:) )

DO 8 I:_11,2
d ! _: ! I '_ :C,:, I

DO 7 d _: ! _ $"
C( I _U )::AI',," (,!I _d_I:I/AII£QIUI _1,_)

C! ( ! cd}:_'C( ! _,t)<:/,fir(,!2 {,It,l:)

C2( I )_.C ( I {2) o,',tl'l'Ol,JI EI')

C3( ! 1: £(I _2)cAllTPld! ©K)

DO 9 d_'l12

HGOII{".Q (I(,:'i I::COHo (C (2 l,J) <->C( I _,.I) ) ¢,C ( ! _.J)

HPIK_I _dlr_(CONO(Cl (21d|,.C! ( 1,,111_C1 I l Id) )/ItGO/IE(_IK_,'I)

HTO(K_,!,?.)_-_(CO_Jo(C2(R)"C2(1)I'uC2(I ))/tlGOHEQ(K','I )

HTO(Ko! o |)=HTO(I_':"I 12l

HTF (I('."| i?.1_:,(CONc" (C3 (2 l,"C3 ( i ) 1':'C3(l ) )lllGONP. Q (K_l)
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C

C

.ll

c
12

• _LE

END

w_

HTF(K<'! _I}_HTF(K'_'II2}

RETURr,;

i',FCIl"E.{6 _ ]2)TIH_

RETUP, F_

FOR"AT ( II-I ,,, ti"Xf'iFr,_ ,FCc, 3o

VALUES _ _'Ill:C'_'2_)

t IS OUTSIDE THE RAt,!G£ oF ACCI'T.PyA
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I_FOR r b i

C I ITLE

C

C AUI _OI_S

C

C DATL

C

C

C

C

C
C

C

C
C
C
C

C
] 0
1

C

C

C

C
C

C
2

C

C

C

5

C
C

C

6
C

C

C

C

C
C

C

C
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POGSICo IABLEU_. IABLEH
TABLE SEARCII WITH LIt]EAR INTERPOLATION

BV BYE AFJD JE ItOLCO!.:[B

7/1/65

FUNCTIGi TADI-Fb(YT,×T_XB)

DIt,4ENSIOtJ XT(1)_YT(])

THE ELE;.1ENIS XT(1)-YT(1)-NUsIB.ER OF ELEMENTS FOLLOWING

K:XT ( 1 )

I_OUND X WITIIIH "[FIE TARLE, .GE. TO FIRST ELEw, ENT OF XT AND .LE°

TO Tile LAST ELEr,IEN] OF XT°

IFIXBoGEoXI'i2).AND_XB.LE.XT(K+I))GO l'O 1O

WklTE(GtlOI) YE_,XT(2) ,XT(K', l)
FORZATIJStt _,_:.;:_.'.:ltlE VALOF.,E].6,E_t21}I IS tdO[ IH THE RANGE_
Elb. B,qq{ TOrE]6,S,YH **:__,_)

TAuL.EF'-O, 0
RETlJR_

DLTERF411_E T_E _r_-,.Gi,_._,lEST POCER OF T,qO LESS T l#IJ TIlE TAftLE [Ef;G'l-ll
_ C) C" E,,, _ '_A_JI{,',C.. IT ].r_ i, t,r'_F_.._ZTS_ c"/_C..,._,...... I., I1', t2;12

14::1
N- 2 ,:_N
NNP-2_,_ ;q
IFIt,]N2,L..ToK)GO TO 1

ItI_IIAI.IZE VAF',,T.AC_t.ZS FOR _ItiARY SEA;,,C}t

L-2
NN---f4

TEST TO SEL WIIFTHER XF_, IS LTrEQpGT Xi(N-;-I)rTHIS IS THE LOOP POINT

IF (XB.-×l"(N+I) )5, qO ,7

_,o. LT.XI(I'<), []ECRL:AtJE tl BY UIt.IARY F._,CTOR.

N=N-o,HI I/l

MULIIPLY IttE DIV]:SOi.: [BY 2

L=2_'._L

TEST FOR OVERSI{OOTT._jG END OF TAi_LE, IF OVERStIOnT DECREASF l_

IF(N.GT.K)GO TO 5

TEST FOR END OF LOOPs IF L=HH2 (2.,N), TttEI,I GO INTERPOLATE

IF IL-NN2) 2_ 20t 20

XB.GT.XTIN) r INCREASE t,l BY EINA,RY FACTOR



t.
7

C

.C

C

C

C
C
C

2tJ

C
C

C
40

C

C

C

5o

C

C

C

N=[.l FNH/L

GO MULIIPLY ll]E DIVISOV. F_Y 2 AHO TEST FOR OVEPSI_OOT

GO TO 6

TEST SEE V,.tIETItER Ttli- DESIREL POIHT IS ABOVE OR EEI..O,..' ]'lie |)RCSI-!tT
XT

IF (XB-XI (N-:-I))80,40,50

X8 IS EQUAL TO XT(Ii), SO TAULEB--YT(_'.I)

TABLEB-YT(N_. I)

RETURrl

XO,.GT.XT(N), IfJTERPOLAT< WITf{ 1,1,-1 A!ID N+2

,qzN4 1

X[-_.LT.X1 (N), D[!LRE;',!E:I,JTt,JBY i A_JD I;.;TERPOLAIff WI-FI_ '! AHD _J_,l

TAULEL_=YT (I:)-:-((YT (i<-:i )-.YT (:_))< (X[]-'XT(r',])))/(X7 ({4-:I ).-XF (.;))
REI IJR;_

E IIL)



• Q

B
8

r

SAr,i_Lli_. _D_i



i J

o

I

9 RUN

- 58 -

CFD_POGCFD,POG02_50;50

OHUG r_C F BA[JICK POGOr_ S/_t._PLE RUH

gASGrA POGSIC,

@ASGrT PLOTFILEo,T',PLOT

19FOR_ v; POGSIC,DATA _DATA

CYCL.E 000 COt12ILED t3'_' 1201 ('}OOD25(_D 15 ',lAY 69 A'F lq:2.q:50o
-219_2i9

MTO{ 1 ):-:!TO [2)
"_235_235

PAFT (2) ::PAFI" (!)

EHD Of EO_'r;,, _[.t'.'f_ r)_,o NO D " ' r, _ <"1_,,-,[,.0 S'l" ]'C.,

19P _[-P POGSLC,
E.!. LO !,-0 0 15

r_MAP _ IN POGSIC o_'4AP_ oABS
NEw SY4BOL.[C CYCLE N 15 MAY 69 AT lq.:2q.:69 THE COLLEC'rOR 1100_,0009

r9XJr POGSIC, APeS



D

C F BAN!CK P0502

- 60

SAt4PI-E RU;,I

SK I ::

MP
PVCD

PVCE

PdCT_I =

PVCSL

PvCKS =
PVCT =
PvCSttG =
AL.F41A ::-
B ET A
I',L;CI-F ::
t(i _C2.,',, :.-:
I<i F:0!._
IlCi:;"P =
KSLNL -
KSt,£O =
INDPNT -
I NDPl. T =
MPRN1 :.
SEND
$CSK
C ---

SK =

SEND

,15566300+00 f
-,., 555552c_ 9--.01. _,

• _'52,h (/79'11-'05 r
• 60.15999g:'0!
, q,'/L;0L_ SgE_,-0 J
•O00flO000;-00 :
.24.15720(i4-00
,, t 260 fl 0 O0-','0 :',.,,"

,.,, .1).5.i O000' LiL_
,58800000-:-00,
• 91200000+01.,
• 18210000-:-02,
•18210000:'02,
•30000000+08p
•30000000"t-08,
.20uO0000-: O0 r
• 2[lbOOOOQ-: OOr
• 25bq l(;UO-:-02_
• 31q-500,:)0-; 02_
.6r;500000.',-05 _
•O00flO00 C.: O0
.00000000"-00 r.
• 00000000: 00,
• O0 bO 000(_-: O0

r

i'

I,,
I,
1,
I,

F

.35i77600-:_03;
• O00OO000<-O0.,"
• 693";22q9-,0S _'
.q'i900000--05_,

-_. l 8,':.':-550 O-,05,
. O000OO00-:-O0
,45079100"02_
.3':80 O000 +0.'t. f.

• 0.,40000.:.00 ;,_ ..-J ."- L] _.

-. 2576:i. 0130+03 _,

.25760000+02_

.25760000-:.02,

.3000000Q+06,

.30000000÷0_
,206000flO-:.OOr
.20Gooono+oor
.595000qO;.gJ_
,170_00n0.;,02,
,50(JOOOflO-:O5_

.O0000000-:-O0_

,00000[)00-: O0

. O00000fiO-: O0 ;

.51072q-gg'-'O 1, .00000000-:.00

•O000000(l+O0, .00000000-.'-00
• .1.5666800+00 r .55.t776flO..OSP

-. 5Z';,353299.-0:1., . O00 O0 OttO-: O0
• q,5LSq0799 "05 f • 69Gt:.22'_9-'0S _"
•60159990"0 ]._ .t_79000r_0-05_

• q,7_08099-'(}] r -".t82.q[_UqO-,03_
• 00000000-: O0 _ • 00000000-:-00 r
• 2q ! 572.00-: O0 _ oq-50","9 i rio".O 2 _
•5]uTPZ'99 •,OL r •OOOOOOhO:.O0,',
• 00000000-:-00 r .000 fl[lor)o.: O0
•.1.55668 U 0:-0 O _ .35.1-'i"/6fl O"'05 _'

-. 555552c:.9.- 0.1., • O000000fl.:-O0
•q.5_;u.079'3_'05:' .698q229g-OD

• 60 ! 59999"-0 J., . q.79000 q O" '02;
•47b08699-01, --, 10,2q5500.,03 r
•00000000+00, • 000000004-00
.21_1572004-00, .t._50791r_0-o02,

•12600000-:-0_, .3_'8000004-01,

-. 11510000+01, .52650000+00
• 58800000+00 _ -.23761000_. 03:

• OOO.O0000+O0,

,1"1q._'5700",-00
-o2__ 950000---n1
•SO 6:-!009fl-,05 .*

, !850'< 900-:-00 _.
,qC,<.81SO0-:O0,.
, .1.oO _.o J.00"0 It
.58800000:'00 r-
• t2GOOC_ClO-'. 0 q _,

-. 11510000-',-0 i,

.13000000+02_
• 15000000+02,
.50000000+08
.300DOOOO+DS,

.1.2900000.:-00
• J,2qOOOO0-:-O0
.20 J.Sr)O C;0-:-02
,_3J. b200 O0",02
o6S5OOOOO+05r

,O0000O,qO:-O0

.O0000000:flO _

.00000 r__OC,.:-O0 r

,16225750¢00,

•66089509"'01,
•00000000":-00

•J.Tq,Z_L_700-:-O0

-..2.J 950000_-nl
. ,r]oGQo O00',P5 r
.IBqOrl.oOO-:'fl 0 ._
• q 6 _',/','. 800-:-C_ 0 r

13i02b_ 00.--(i q.
.162257bO-:-OP,

.66889[;c;0 Oj ,
, OOOOOOOfl.: O0
,171_ 4670 O-'.-O0

"-, 2J. OLOOQO. ,nl r
, gOGq OOC_O'-.OSr
• 185rlq 9,00-; O0
•;_6q'/] J.(';OO+ 00 r
• 13028100--0_,
•58800000+00

• 12600000+0_
-. 11510000+01 _

. O00000O04-n[;_
, ,I.6600 O00'_02,

-'.i 8i800 O0"-'0:_- ;
, O00OO000".-C 0 _
,22727,- 00_-.02
,6{._7 ! 9899'-'C; 2 _.
•O0000O{)Oeofl

- _2576].000":'0_, _
,5qSO tip n r!':- 9 I. r
• 52650U00"-00 _

,18360000+02

.18560000+02_

,50000000+00,
,50050000+08

• 186C. 0000-'.00._
, _8600000". _Ir)

•"67,5_-299<3_','."i,
,17550080:-n;2 ;
•5C!0000_9:[)5,
•OO OOO OOO+_,O,

• O00[_OOO0-:r;O.
• 000{I0000 :'00

.36117000-03,

• 00000000+00
• 00000(1013+00 ¢
,1661"!fl 00 :.!'_02. r

-, _.91LO000"0':_

•O00uO000-: C0 r
• 22 Y277 [;0"02

6q 719S9'2""02
. gooor_fl o 0-: n 0 :
•56.1!70[}()"hS;

•O00(;O_i(;O:-$O;
.O(ICIGOOOO.:C!U:.

• ].66U0000"02,,
--, I(_I. sDOO0,,O:;, _

• 00000(100+00 r
.27727700'.02_
•6B710899'_02 r

.00000000;-00_
- • 25761. 0 O0",05 _,

• 34800000".CI 1
• • 32650000:-00 _.

REAl. lIKE CLOCK INTERROGATED AT tq.'2521



f-

- bi -

livE oF

$ouTPUi

HO

HF
bll-O

MT F

F'AOS

PAFS

RHO

C_O

CSF
V

C F BANICK

" Lf -FL.).G,,I • o .

CF =

S&

O,.:GA --.

Z L Y f, ::

t IP =

t4"f 0 ""

HTF =

L..A •

VAO

KA ""

PVCA

PVCSA =

POG02

]20°000

SEND

•932756q-0+ D ].;

• 33.1. 2q.985-: 0 ! f

.16533728--0i r

• 8707i9(10'-02

.119500:; J: 03 ..

• q'_'GO 0000";-02 :

,41137731-01,

,50q99999-01 P

. l'6560000_-0.I.,

•15958563"03

•22!018!7-:-05,

•2210_ GI7": 05_

• 165980 .1.q,-05,

•199731U9"05._

• 1,3 J 30,f.,t;' O' ,rjS_

.2772,f!6!5+05

• 2 t',.S 3 F__557": 05r

• 2q 836507+05

• 656[;q q i 9; (.12 _,

• 7"1S51251 "; 02,
, ]._ 2_r',_',f:O0 '. 03._

. .1.b._:__.qr!L_O. .:.:! ;

• It'.,000090 .0;

• 20oO00_O, b/' r

• 99?999£9:O0

• gu, l .! 332S':00

• 121"Z558,'S+00

• J,6327S63-: 0(I f,

•3306,,_;5[)5' '03 ,,

.99799999+00

.8l_55u96.1 .--0 ]. f

• 7266677.1.'-010
• 1571u, 052:'00

.25597885"02,

•99799999":00 r

o 3372,q.q. 57+ 00 _:

,78,26577 ]."O !

• .!.9'_-35 'i q.9 00_

.1].35"/b]2" 62_'

,150552t;q' 05._

• 1 J gO?95M':(]2 _

¢ 2605;-'0{1:.;_-05 _.

• 5:',.05275Y" '05 _,

• 390 :",2205", 0 q. _'

• 7t t_2255 <:-',-;'i f

•260qL'i25", 05
• 29"/89968":05 _'

•29789968+05

5" '')'_ RU_,It_, Iql _ L-r__

SECO;,!gS

,, 952"/55t_0",01 r

•3312qga5-:O_. _,

• 16533728-.0i F

.87071900-.02_'

• l!YSO(]aO-:-05

•_,t3600000+02 _'

•2928900L_--01,

.52499999-0.1.,

,59260000-01,

.15968563..:-05 _'

.26700677+03_

,221018 t 7-:-03 :'

.1659S0 I q-'-O5 _,
"" • e_[,. .35q-o,._ it'.,05;

• 19973199"05;

• 233"t 15_.5 :-0 .q ,_

•33727675+05_
,2_856667-: 05_

• :35t;.q 975J + CI2 _,

,909!769!-:-02 :

, r,;9OOOO,q,(_. 02:

.]qOOOOr]Cj , 0.1 _,

• _',..,oJ 537:_': O0 r
.3697920"/"02 :

,5! I t $2°,7-:00 _,

o 36"?t', 63C0+00

• 78i ] ].9_ O. 0:-;:

--. 8t,'. 60.1. 991-:- 00 _,

-. 88296qu.-5-,01 _'

"• 661639_5_01.,

• 2809016:[ _'00
-. q-77t502Y'-02_'

.990':l..t, q9-'..O0

• !.1,969"i,_, 2_'0,';. _,

"-,_[797 J66t',-FO 0 _,

.50809] 25-: O0 r
•-,, 2::;97' _ C3:',. ,02 _

© ,C_E .) "_ ' ,._._.Z ab" '00:"

. i l Oq.672c_;'"Ot: -

.8q.9(,5C_ 32" _OL; ,_
.5:', 0527 _S'_""05

.59052205-',-oq .-

• -'81,.,,., 0/.,',2J.
• 52I LY263":05_'

• 521. I7265 _03,_

• 2820651t5",'-05 _'

,28206535+05,

._1137731-,01,

• 22101817":-03 p

• 15968563-;-f]3,

• 22.1.015!7+03,

• 15159690-03 ,"

• 1659501':-,n5,

.19973i09-05_

.2:', $3665-['-05 _,

•277296154-05,
•2u836667-:-05,

._q.6235t 82-',- 02 ¢

•93::",0530 !-:-02_,

o I r;OOt::[};!O, q] ;

, _ t! rio(1c, r_o..O ] :

• 17627q'/9:00

• 57,5q5265-03

• 99799999+00

.3r]._5L_q S5":'00

• 527_'_0559.-[, _ ,,

o 1371q052+00

- • 25397885"02 _,

•9q'?q 999°,-,'- 00
"-'. 8_ZSq961_O1,

- .'/28667-/1"0!,

• 19u551 q.9-:O 0

-,, 1.1.5575.1.2"02 _,

• qg7qggqg:-O 0 _.

•<, 3373<_q-37-:-00 _.

_" ,, 7g26t:,TY i "0 .t_.

• 67 C_5!) 300', O,'i r

.3uq39592 ''05 r

.5q052757. 05:

• 39052206-:-0q _.

.121. qTb'/Y+01. ,

• .t 52,,_aae-:-05 _

• t3273229+05_
•_'0195555+05,

•t,_0195555+05,

,2928900_P_01,

• 22101617+05,

• 15968563": 03:

• 26700677-:-03 ,,,

,199"/51U9,-05 _.

.15596ul<' 05,

.3(>_'8 q:41 q " 0,%,

.2q 83C, b57-: O t,

• 238! _ bSb:Ob,

.'352k7(.,PL) :O .5 ;

,] 1.q'lq352:u3,

,].0550{ii:_-: JJr

"'pOi;Qt!:_t: i _¢ K_

.2G(I,:]qt:O[_ 0.I r

.u]021309<00¢
• ].q-] 5750q"02,

• 37(::,20632 ":-(.10,

.25q. 3r_pq.O-'O 2 _,

• ].[_22q,: .(,2-: 0 [) :

•2&OgO!6].-:-_O :

-• q7715027--02.,

". 8/._60 t991+00

-. 88296,.'_'5"'01,

", 661659Z15:'0].
• 50600i 23-:-_10 _,

-. 23971 33,%,,02

®9OOq ! t: c %_-:0 0 ;

• 1.19697.i. 2 '' 0.t
"_. 1797 5. t>5l: ": Ir].O ;

,, :.t2t: £,hSYcj. (] :':,,

• 6t:85] 68[5"'[1q :

,, 5q 0527[,7--05 r
• 39r}32206-:-oq ¢

• 55130u75:2], r

,26',:'/q955-',05 :.

• 26 L:--/'q 95 b-:-O j
•_40366099-:i15

• q0366099-;-05 e

FREQLIEIqCY ZERO PHASE GAIN FREOUENCY ZERO PHASE GA"

(HZ) (DB) (HZ) (DB)

10.60781 -.6_60091i+(



b_

C-,

F-

T.:

C: C" C_ _ C-_ C-_ Cm C CJ C'3 _7_ C; C_ C% CT, 0

It

_ ¢4 ('2CC (%'C ' O, 0'0'

(- C C C C_ ¢- C C- C

÷ +4- _ .4 4 + -_- ÷

c ,_C C _, LC" r:', Lr: tQ _m

t', [_ C C" ,Z. tr: ,- C .

F-2 C" c_ C- i'--02 b_ ,£ CC.

C -, • • t _ IX" L, b" L%

I I I I I I I I I

_! C/ O_. C, LF t"l C" C C_:

b_' C- t:3 C kq C_ ,.0 C;

............................ :........... -'..............................................



I

SA;',,,- LE RL.;r_C F BANICK POG02 '"_

REAL TIt-IE'CLOCK INTERROGATt!: r) AT 14520.6

FIN

" " RUNID: CFB ACCOUNT: POGCFB

LOAD PLOT- 2/R. PLOTFILE " mI CFB

SERVICE 2/4 MOUNT PLOT : CF_

INITIATIOH TI_,;E :

TEI_MiHATIOH TIp_:

Coi<E-_SECONDS : 457

I0 CC;!,I:!T : _;.'/_i

Ci ILR (-:5:: .I.O ...152

IN: 9Z_ OUT: 0

I.;,22"_.'1_.IAY 15_.I. 969

.1.1";52:00,-,1%AY 15_1969

PROJECT: POG02

PAGES:" _0



_-'D
ED
I---

LL
C_

t---

<
f.L

>-
f_._"
<-C.
Z

(D
<

L_

"'BELLCOilbi P0Gt:J 2A

$. C--,';O x I 0 "¢ t

4. _:'J x I L$ *_ I

II. C...¢"_ 1 _ "_1

.-, ._ Z j:_tO "_!

I .C.C_.'_: 10 *'_j

IHR '-"LJal #]U IPUT .I,, ItJ

X FI '_'° 1

. ¢ _L_,;!.'_ rl ''l:l ;

i

--y'!"-----4. _ _G-;(I 0 -Oi ........ _ ............................. _ .......... ] .....................

._, f.'.1:;i C, ''I_ ................ ....... -

.................... I ........ l-
-_.l"_'._;iO -.,t-'.7;_:_l., -_._i_;;.;!13 *_,_3;"_!t;I0 -i .tl;t,_),'|i$*'j| fl |,1._.: ..IO i.'.t.:,.1;:lt'i ._,L",.._)×lt; _.c',,_,.,:ll.,,-t'_l_ .O:)j_,lO'Ol

REAL P/,[_]- (Jr: l_JLJt ,.,o,,, ,,;<,:.,:, _J



BELLCO[v;M, INC.

Subj e ct : POG02 - A Computer Program for

Long_tud_na! Stabf}.ity Ane,lysJs

of Large l,aunch Vehicles - Case 320

Fr oiL,: Bsnick

Distribution L=st

NASA Headquarters

T. A. Keegan/MA--2

1',I},_C

J. B. Stez'ett, Jr./R-P&V}';S
T. Bul Io ck/R--}_&VI:}--SL}1

RIAS

H. L. Goldman

A. T. Ackcrman

G. M. Anderson

I. Y. Bar-ltzhac]:

A. P. Boysen
I). A. Chisbo],<_,

R. E. Oradle
R. W. Grutzner

D. R. Hagner
C. M. Harrison

A. Heiber

H. A. Helm

B. T. Howard

J. Kranton

H. S. London

P. F. I,onf;
D. Macchia

R. K McFal'I.and.
J. Z I,le_]ard

L. D Nelson

J. M Nervik

J. J O'Connez
G. C Reis

I. M Ross

R. V Sperry
H. E Stephens
C. M Thomas

J. W Timko

R. L. Wagner
Central Files

Department 1024

Library

Files


